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terium substitution. No deuterium-hydrogen ex- 
change was detectable by nmr in a solution of dibenzoyl- 
methide and tetra-n-butylammonium perchlorate in 
d6-DMS0 indicating that no deuteration occurs prior to 
electrolysis. 

Spectra may be obtained by electrolysis of dibenzoyl- 
methane in THF at  -60" or by electrolysis of diben- 
zoylmethane in DMSO containing 0.1 M tetra-n-butyl- 
ammonium dibenzoylmethide at  room temperature. 
These spectra are different than any so far reported for 
this system (benzil,' acetophenone, l-phenyl-1,2-pro- 
panedione6) but unambiguous analyses of the spectra 
have not been attained. Definite assignment must 
await further studies now in progress. 

Experimental Section 

A Sargent Model XV polarograph with a Sargent I R  compensa- 
tor was used with a three electrode polarographic ce11.2. The 
reference electrode was an aqueous saturated calomel electrode. 
The potentiostat for controlled potential coulometry was a 
Wenking Model 61 RS. The working electrode in the controlled 
potential electrolysis cellza was a 30 cmz mercury pool. Cyclic 
voltammetric instrumentation was of conventional10 design. 
The working electrode for cyclic voltammetry was a hanging 
mercury drop electrode (Model E410, Brinkmann Instruments) 
used in the polarographic cell mentioned above. The esr spec- 
trometer was a Varian E-3. A Varian electrolytic cell was used 
for generation of radicals in the microwave cavity. The com- 
puter program for simulation of esr spectra was similar to that 
employed by Stone and Maki.11 

Reagent grade DMSO was stirred over calcium hydride for a t  
least 12 hr and distilled at reduced pressure just before use. 
Tetra-n-butylammonium perchlorate (Matheson) was used as 
received except for the cyclic voltammetric studies where it was 
recrystallized from ethyl acetate and vacuum dried. The di- 
benzoylmethide ion was prepared as its tetra-n-butylammonium 
salt.$* The 2-t-butyl-l,3-diphenyl-l,3-propanedione was pre- 
pared by a procedure analogous to the reported synthesis of 
3-t-butyl-2,4-pentanedione:lz mp 124.5-125'; nmr (CCl,) S 
1.15 (s, 9, CH,), 5.22 (s, 1, methine), 7.38 (m, 6, aromatic), 
7.92 (m, 4, aromatic). Anal. Calcd for C19H200~: C, 81.40; 
H,  7.19. Found: C, 81.59; H,  7.23. The 2,2-dimethyl-1,3- 
diphenyl-l,3-~ropanedione was prepared as described previ- 
ously:l8 mp 97.5-98' (99");'3 nmr (CDCla) 6 1.67 (s, 6, CHa), 
7.33 (m, 6, aromatic), 7.85 (m, 4, aromatic). 

(10) W. L. Underkofler and I .  Shein, Anal.  Chem., 86, 1778 (1963). 
(11) E. W. Stone and A. H. Maki, J .  Chem. Phgs., 38, 1999 (1963). 
(12) P. Boldt and H. Militzer, Tetrahedron Lett., 3599 (1966). 
(13) I. Smedley, J. Chem. Soc., 97, 1484 (1910). 
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The carbonylation reaction of olefins in the presence 
of metal carbonyls or carbonyl precursors to form acids 
or esters was developed by Reppe and his coworkers.' 
For example, the reaction of ethylene with CO and 
water in the presence of nickel salts or nickel carbonyl 

(1) For extensive reviews of this work see: (a) C. W. Bird, Chem. Rev., 
(b) Ya. T. Eidus and K. Puzitakii, Russ. Chem. Rev,, 88, 62, 283 (1962); 

438 (1964). 

yields propionic acid. When olefins larger than ethyl- 
ene are reacted, the products consist of large amounts 
of branched isomers, in addition to the desired linear 
product, i.e. 

RCHzCHd!!OCHs + RCH(CH3) 8 OCH3 

Furthermore, these reactions are generally carried out 
a t  temperatures above 150°, and a variety of other side 
reactions including polymerization, isomerization, and 
reduction can compete with the carbonylation. 

Recent reports describe successful olefin carbonyla- 
tion under relatively mild conditions which can avoid 
many of these competing reactions. Both palla- 
dium2a8 and platinum4 complexes were found to be cata- 
lytically active below 100". However, none of these 
systems, as described, offers the combination of excellent 
yields and a high degree of product linearity. While 
systems for the formation of highly linear aldehydes6t6 
or alcohols7 from a olefins are known, the purpose of 
this note is to describe a catalyst system that will effect 
rapid conversion of CY olefins to highly linear acids or 
esters. 

Jenner and Lindsey4 found that a platinum salt-tin 
salt couple catalyzed the formation of esters from ole- 
fins a t  relatively low temperatures. However, their 
work was limited to olefins with less than six carbon 
atoms, and very high pressures (4300-1000 atm) with 
long reaction times (usually 10-16 hr) were necessitated. 
Additionally, propylene, the only straight chain, a 
monoolefin reported, gave a product mixture containing 
approximately equal amounts of methyl n-butyrate 
and methyl isobutyrate. 

By utilizing a solvent such as acetone, methyl iso- 
butyl ketone or l,Zdimethoxyethane, and carefully 
controlling the reaction conditions, it has now been 
found that a H2PtC16-SnC12 couple will catalyze car- 
bonylation of olefins such as dodecene-1, in the presence 
of methanol, to highly linear (-85%) esters in 1 hr at  
200 atm. The system has also been extended to acid 
synthesis under essentially the same conditions, by 
substituting water for the methanol. A typical reac- 
tion was carried out a t  90" and 3000 psig of CO, with 
1 mol '% of H2PtC16 and 5 mol '% of SnCh as catalyst, 
and acetone as solvent. Dodecene-1 conversion was 
100% and product yield approximately 80% regardless 
of whether H2O or methanol was utilized in the reac- 
tion, A small amount of olefin reduction occurred 
(2-4% of the olefin), but isomerization of the CY olefin 
to internal olefins (mostly the 2-isomer) was the only 
major competing reaction. The acid (or ester) product 
was composed of approximately 85% of the straight 
chain isomer and 15y0 branched isomers. A mass spec- 
tral study showed that 80% of the branched product 
was the 2-methyl isomer. 

(2) K. Bittler, N. V. Kutepow, D. Neubauer, and H. Reis, Angew. Chem., 

(3) J. Tsuji. Accounts Chem. Res., 2 ,  144 (1969). 
(4) E. Jenner and R. V. Lindsey, Jr., U.S. Patent 2,876,264 (1969), Du- 

(5) R. Pruett and J .  Smith, J .  Oru. Chem., 84, 327 (1969). 
(6) D. Evans, J. A. Osborn, and G. Wilkinson, J .  Chem. Soc. A ,  3133 

(7) L. Slaugh and R.  Mullineaux, J. Organomelal. Chem., 18, 469 (1968). 

In t .  E d .  Engl., 7 ,  329 (1968). 

Pont. 

(1968). 



NOTES J. Org. Chem., Val. 56, No. 8, 1970 2847 

TABLE I 
CARBONYLATION OF OLEFINS 

Amt, Time, 
Reaction Olefin mmol H souroe hr % conversiona % yieldb % linearity 

I Propylene 250 CHsOH 2 80 100 67 
I1 1-Hexene 250 CHaOH 1 98 85 83 

I11 1-Hexene 250 Hz0 2 93 88 83 
IV 1-Dodecene 268 CHaOH 1 100 76 83 
V 1-Dodecene 268 HzO 2 100 74 86 

VI 1-Tetradecene 268 CHsOH 1 98 81 82 
VI1 Dodecenev 268 Hz0 5 5 Mixture of products 

VI11 3-Heptene 250 CHsOH 2 10 Mixture of products 
I X  2-Et hyl- 1-hexene 250 CHsOH 5 86 22 Compd I d  + 
X 1,7-Octadiene 250 CHsOH 2 100 64 diester 71 

ester 66 
X I  1-Dodecene + 268 CHsOH 2 56 88 65 

9 other alcohols 

35 mono- 

dodecenesc 268 
Conversion (via vpc) = moles of olefin consumed/mole of olefin charged. Yield (via vpc) = moles of product/mole of olefin con- 

sumed. 0 Randomized dodecenes, see Experimental Section. d Compound 1, CHs(CH&C(OH)(Et)CHs. 

The results of the reaction of a number of olefins with 
acetone as a solvent are summarized in Table I .  The 
reaction rates for ester formation tended to be faster 
than those for acid formation, and thus the shorter 
reaction times for the former. The carbonylation 
catalyzed by the platinum-tin catalyst appears to be 
general for hydrocarbon a olefins which contain hydro- 
gen on the %carbon atom. Reactions I-VI demon- 
strate the high yields and excellent linearity that can be 
achieved with this system, propylene being the only 
a olefin that gave a product with linearity of less than 

Internal olefins, however, were relatively inert to 
carbonylation under these conditions. Both 3-heptene 
and a mixture of randomized dodecenes gave very low 
conversions, and a mixture of products. The lower 
reactivity of the internal olefins suggested that it might 
be possible to react selectively a olefins from a mixture 
of isomers. Indeed, with a 50: 50 mixture of 1-dodecene 
and random dodecene, approximately 50% of the olefin 
was carbonylated after 2 hours. However, the product 
linearity was less than expected. The attempted reac- 
tion of 2-ethyl-1-hexene was interesting, for when an 
ethyl group was substituted for the hydrogen on the 
2-carbon of 1 -hexene, olefin isomerization and hydra- 
tion in typical Markovnikov fashion became the almost 
exclusive reaction. Protonation of the 1-carbon by 
chloroplatinic acid to give the tertiary carbonium ion is 
apparently much more rapid than carbonylation with 
this olefin. 

The reaction with 1,7-octadiene indicates that the 
platinum-tin carbonylation system is applicable to 
terminal dienes, but the product distribution and lin- 
earity are complicated by the presence of the second 
double bond. The product mix was about 2: 1 diester 
to unsaturated monoester. In  both products the 
linearity dropped to near 70% from the 85% level 
found with monoolefins. A second problem was that 
the remaining double bond in the monoester was isom- 
erized internally, indicating that any further carbonyl- 
ation of the remaining olefin could yield only branched 
product. 

80%. 

The HzPtC16-SnC1z couple has shown reactivity as a 
hydrogenation catalyst.*v9 I n  the carbonylation work 
it offers the same advantage of ease of catalyst forma- 
tion. Several other platinum compounds were found 
to catalyze carbonylation in the presence of SnClz, 
however only &PtC16 gave a rate of reaction compar- 
able to HzPtC16. The related palladium complex 
KzPdCle showed very little catalytic activity. Rather 
surprisingly, (Ph3P),PtClZ gave only a trace of products 
with added SnCl?. This is a catalyst that Bailar and 
Itatani used so successfully in selective olefin hydro- 
genation work.lO 

While the mechanism of the reaction is not completely 
understood, several comments are made here to aid in 
the understanding of this catalyst system. Neither 
HzPtCle nor SnClz function individually. Previous 
work utilizing a HzPtC1e-SnClz catalyst system for 
olefin hydrogenation has noted this same phenome- 
non.* Formation of a Pt-SnC13 complex apparently 
occurs. The SnC13- ligand, a strong 7r acceptor and a 
mild u donor, modifies the platinum metal atom and 
enhances coordination of hydride or of olefin, thus 
triggering catalysis. The maximum rate of olefin 
carbonylation occurs for molar Sn:Pt ratios of 5 or 
greater. This is in contrast to Pietropaolo and co- 
workers" finding that the rate of ethylene absorption 
on PtC12- promoted by SnCL- was highest for Sn:Pt 
ratios lower than 5 .  However, similar to our findings, 
Bailar and Itatani'o noted higher reaction rates with 
Sn:Pt  ratios higher than 5 in their olefin hydrogenation 
work. 

It was found that water activates the KzPtC16- 
SnC12 catalyst. In  the ester syntheses this water re- 
quirement was usually satisfied by the water of hydra- 
tion present on the SnClz.2H20. Under completely 
anhydrous conditions however, no reaction occurred. 

(8) R. D. Cramer, E. L. Jenner, R.  V. Lindsey, and U. G. Stolberg, .I. 

(9) E. Frankel, E. Emken, H. Itatani, and J .  C. Bailar, J .  Org. Chem., BZ, 

(10) J. C. Bailar and H. Itatani, J .  Amer. Chem. Soc., 89, 1592 (1967). 
(11) R. Pietropaolo, M. Graziani, and U. Belluoo, Inorg. Chem., 8, 1506 

Amer. Chem. SOC., 85, 1691 (1963). 

1447 (1967). 

(1969). 
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For example, an attempted ester preparation using 
K2PtCls and anhydrous SnCl2 with dimethoxyethane 
solvent gave no product, while the same reaction re- 
peated with water added gave the desired carbonyla- 
tion. Apparently a platinum hydride, which is a pre- 
sumed intermediate in the catalysis, was formed by 
the interaction with water. This is another example 
of the formation of platinum hydrides from water, a 
reaction which has been noted previously. l 2  

Experimental Section 

Material.-(Ph~P)~PtClZ was prepared by the reported 
method .I* Randomized dodecene was prepared by refluxing 
l-dodecene with PdClz for 16 hr. Vpc analysis of this random 
mixture showed l-isomer = 2%, 2-isomer = 30010, 3-isomer = 
24%, 4-isomer = 9%, other isomers = 34%. All other materials 
were best commercial grade used as purchased. 

Typical Procedure for Acid Formation.-A 600 ml Magnedrive 
autoclave (Autoclave Engineers) was charged with 45 g (268 
mmol) of l-dodecene, 9 g (500 mmol) of water, 150 ml of acetone, 
1.3 g (2.5 mmol) of HzPtCls-GHaO, and 2.8 g (12.5 mmol) of 
SnCl2.2H20. The autoclave was sealed, flushed with carbon 
monoxide, and finally pressured to about 2000 psig with carbon 
monoxide. Stirring was begun and the autoclave was quickly 
heated to 90" and the pressure then adjusted to 3000 psi with 
more carbon monoxide. Reaction times were 1 or 2 hr depend- 
ing on the rate of pressure drop. 

Typical Procedure for Ester Formation.-This procedure was 
identical with that for acid synthesis, with 32 g (1 mol) of methanol 
substituted for water. 

Analysis of Products.-The ester products were determined 
by vpc analysis of the recovered solutions. A Perkin-Elmer 
Model 9000 instrument was used. A 10 ft column packed with 
Carbowax 20M an Diatoport S was found to be suitable for 
analysis of the esters. A 150 ft capillary column coated with 

(12) H. C. Clark, K. R. Dixon, and W. J. Jacobs, Chem. Commun., 548 

(13) J. C. Bailer and H. Itatani, Inorp. Chem., 4, leis (1965). 
(1968). 

Carbowax 1540 gave a good separation of the isomerized olefins. 
Authentic samples of the linear products were available for use 
as standards. The individual products were trapped as they 
emerged from the chromatograph and were identified by mass 
spectrometric and nmr analysis. The acid products were esteri- 
fied by BFa-methanol reagent and analyzed as the methyl esters. 

Catalysis by Other Platinum Group Catalysts.-The typical 
procedure for ester formation was repeated with several platinum 
compounds substituted for HzPtCla.6HzO. A reaction utilizing 
0.8 g (2.5 mmol) of PtClr gave a 78% yield (100% conversion) 
of ester after 6 hr, 0.7 g (2.5 mmol) of PtClz gave a 95% yield 
(3070 conversion) after 6 hr, 1.2 g (2.5 mmol) of KaPtCla gave 
a 76% yield (loo'% conversion) after 1 hr, 2.0 g (2.5 mmol) of 
(PhsP)zPtC12 gave a trace of ester after 6 hr, and 1 g (2.5 mmol) 
of KzPdCla gave a trace of ester after 2 hr. 

Changing the Sn: Pt Ratio.-The typical procedure for acid 
formation when repeated using 1.7 g (7.5 mmol) of SnC12.2Hz0 
(Sn:Pt = 3) gave a 69y0 yield (35% conversion) of acid while 
4.5 g (20 mmol) of SnClz.2Hz0 (Sn:Pt = 8) gave a 70% yield 
(100% conversion) of acid. 

Solvents Other Than Acetone.-The procedure for ester 
formation was repeated with three solvents, methyl isobutyl 
ketone, 1,2-dirnethoxyethane, and tetrahydrofuran, substituted 
for acetone. 

Effect of Water on Catalytic Activity of KzPtCla.-The pro- 
cedure for ester formation was repeated utilizing 45 g (268 mmol) 
of dodecene-l,32 g (1 mol) of methanol, 150 ml of 1,2-dimethoxy 
ethane, 1.2 g (2.5 mmol) of KzPtCle, and 2.3 g (12.5 mmol) of 
anhydrous SnClz. Careful vpc analysis of the product mixture 
found no esters. This procedure was then repeated with 1.8 g 
(100 mmol) of water added. Vpc analysis indicated a 72% 
yield (3270 conversion) of ester. 

Registry No.-Propylene, 115-07-1 ; l-hexene, 592- 
41-6; l-dodecene, 112-41-4; l-tetradecene, 1120-36-1 ; 
2-ethyl-l-hexene, 1632-16-2; 1 , 7-oc tadiene, 3710-30-3. 
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No major difference in reactivity was noted. 


