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NOTE 

REACTIONS OF ALCOHOLS WITH PL4TINUM SALTS. TRENDS IN 
ISOMER RATIOS OF THE COORDINATED OLEFINIC PRODUCTS* 
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Departtmwr qf Citentistr_v. Ctttirersity qf Miami. Coral Gables. Floridct 33124 (U.S.A.) 

(Received ApriI 15th. 1965: in revised form July 3rd. 1968) 

Platinum-olefm complexes are generally prepared by treatment of a plati- 
num(I1) compound with an olelin r --iF_ The platinum-ethylene complex has frequently 
been prepared by the alternative procedure of using a platinum(IV) compound with 
ethano12*3*5*6. This investigation explored the generality of the pIatinum(IV) reaction 
with other alcohols and determined the location and configuration of the double 
bond in the olelinic products-_ 

RESULTS 

1-Butanol and 2-butanol reacted when heated with the soluble sodium hexa- 
chloroplatinate(IV) to form alcohol soluble compounds of coordinated olefms5*8-‘2. 
Insignificant amounts of free olefins were released during the heating ; the byproducts 
produced were analogous to those known to be obtained from the reaction with 
ethanol’3*‘“. 

Both the type of alcohol and the reaction conditions influenced the position 
and the configuration of the double bond formed. At 60-70” for 18 h, 1-butanol 
produced only the I-butene complex ; in a few exploratory runs at higher reaction 
temperatures (70-1OP for 7 h) moderate amounts of the 2-butene complexes were also 
formed. 

With 2-butanol, the reaction at 60-70’ for 18 h produced a mixture of the 
isomeric complexes of 1-butene, cis-2-butene and trans-Zbutene. In these experiments 
as the temperature of heating over the final 12 h period was increased slightly around 
the 70° median, the relative amounts of 1-butene to 2-butene decreased from 44% 
to 36%, while the tmns- to cis -2-butene ratio increased from 1.6 to 2.0. At higher 
temperatures extensive precipitation of platinum black occurred, therefore the reac- 

* Abstracted from the MS. thesis of Sofia Pappatheodorou, University of Miami Coral Gables, Florida, 
1965; presented in part at the 154th National Meeting of the -4mer. Chem. Sot., Chicago, III, Sept. 1967. 
*t National Defense Education Act %raduate Fellow. 
* In only one instance’ was this reaction applied to another alcohol (amyl). with no report of the olefin 
isomer that was produced. 
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tion was further studied at a fixed temperature (60”) as a function of time (up to 36 h). 
It was found that the total yield of butenes increased only up to about 18 h, while the 
relative amounts of butene isomers varied continuously with increasing time (Fig. l), 
in a direction similar to that already noted with increasing temperature- 

Time Of heating (hours) 

Fig 1. Variation of isomer ratio with time at 60’ for the reaction of 2-butanol with sodium hexachloro- 
pIatinate(IV). VaIues plotted arc averages of severaI individual experiments. 

The olefm forming reaction did not occur between tert-butyl alcohol and the 
essentially insoluble sodium hexachloroplatinate(IV), although the reaction mixture 
turned heterogeneously gelatinous. Either this_ insolubilitp or the inability of a 
tertiary alcohol to reduce the platinum(IV) of the starting reagent to platinum(H) 
found in platinum-olefm complexes would explain the failure of the reaction. Attempts 
to investigate the reaction of tert-butyl alcohol with a platinum(II) salt-already in 
the proper oxidation state for olefm coordination-were inconclusive because the 
potassium tetrachloroplatinate(l1) used was insoluble in the alcohol_ 

DISCUSSION 

Alteration of the ratio of the various butene isomers continued after total 
yield of butenes became constant. Isomerization is indicated by these results. This 
isomerization occurred at a lower temperature with 2-butanol than with 1-butanol, 
even though a I-butene complex was initially formed in both cases. Participation of 
the solvent alcohol in the isomerization is thus very probable. This hypothesis is 
consistent with several facts reported in the literature. The butene complexes do not 
isomer& in the solid state’-‘; uncoordinated olefii are isomerized by catalytic 
amounts of the platinum-ethylene complex only in the presence of certain cocatalysts, 

l The importance of reagent solubility was demonstrated by the failure of I-butanol to react when heated 
with insolubIe potassium hexachloroplatinate(IV)_ 
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the most common of which are alcohols’ 5 ; in alcoholic solutions certain platinum- 
diolefii complexes are converted to ether derivatives by net addition of an alcohol 
molecule to one of the double bond@. 

The mild conditions employed in the reactions of butyl alcohols with sodium 
hexachloroplatinate(IV). as well as the proportions of isomeric butenes obtained, 
suggest that the mechanism for olefm formation differs from that of the usual acid- 
catalyzed dehydration of alcohols I6 The platinum+efin complexes favored at the . 
early stages of reaction and at lower temperatures contain those olefin isomers which 
coordinate most strongly to platinum(I1)“. The subsequent olefm isomerizations are 
in the direction that favor the more thermodynamically stable olefir&*. 

EXPERIMENTAL 

Reagents 
Commercial butyl aIcohoIs were distilied before use. Potassium hexachloro- 

platinate(IV) and potassium tetrachloroplatinate(I1) (Fisher Scientific Co.) were used 
without further purification. Sodium hexachloroplatinate(IV) was obtained from the 
hexabydrate (J_ Bishop Sr Co-j, prepared from chloroplatinic acid hexahydrate 
(Fisher), or prepared from platinum metal. The platinum metal was purified and 
converted to hydrated chIoropIatinic acid lg. The acid was converted to hydrated 
sodium hexachloroplatinate(IV)6. The hydrated salt from all sources was dried 
briefly at 105”, recrystallized from absolute ethyl alcohol’“, and dried in G~CUU at 
110-130” for 6-9 h. 

General procedure 
The procedure consisted of three stages : The formation of the platinum-olefin 

complexes, the removal and analysis of liquids from the reaction mixture, and the 
decomposition of the complexes to liberate the oIefins for analysis. 

One mmole of the dried platinum salt and 25-35 ml of alcohol were heated and 
stirred in an apparatus suitably equipped to retain or trap volatiie materials. Except 
where noted otherwise, the temperature of the reactants was raised to 60° + 2” for 
6 h, then raised to 70° F 2” for an additional 12 h. These conditions essentially consu- 
med all of the starting platinum salt without appreciable formation of platinum metal. 
The orange reaction mixture turned yellow, while sodium chloride precipitated”. 

The excess of alcohol and the volatile byproducts13 were then removed by 
vacuum distillation, conducted below 50° and not carried to dryness to minimize 
decomposition of any complexes. The condensates collected from the olefin-producing 
reactions were acidic13 and were neutralized with aqueous sodium bicarbonate prior 
to analysis of all condensates by GLC. A four-meter column of 25% carbowax 20 M 
on HMDS-treated Chromasorb W was used at 100”. 

The solids remaining in the reaction flask were then treated with aqueous 
aIkaline cyanide ion to decompose any platinum-olefin complexes. Cyanide displaces 
ethylene quantitatively from platinum complexes’ and displaces butenes without 
isomerizationg. The butenes were swept by helium through a drying tower and into a 
liquid nitrogen trap. The olefins were weighed and analyzed by GLC on an l&meter 
column of dirrethyl sulfolane on Chromopak, at room temperature. The mole ratios 
of isomeric butenes were determined from peak areas, after correcting for differences 
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in thermal detector response for each compound 2 l The butenes were further charac- . 
terized by conversion to their known dibromides22 and by gas chromatographic 
comparison with authentic samples on the carbowax column at 150”. 

ACKNO\VLEDGEMEhT 

We would like to express our appreciation to Dr. HOWARD B. POWELL for 
valuable assistance during this study 2nd to Dr. ALEX NICKON for advice and en- 
couragement in preparation of the manuscript. 

REFERENCES 

I R. N. KRLER. CJzem. Rec.. 25 (1941) 229. 
2 B_ E. DOLXL~S. in J. C. BAILAR. JR. (Ed.). The Cftemistr_v of tlze Coordinurion Compoarrds. Reinhold. 

New York. 1956. Chapter 15. 
3 G. E. Coam x&m F_ GLOCI;LIXG, in H. ZEISS (Ed.), Organometaffic Chemistry. ReinhoId. New York, 

1960, Chapter 9. 
4 J. K. STUE A&D B. k MORGAN, J. Amer. Chem Sot., 88 (1966) 5 135. 
5 J. S. ASDERSON. J. Gem. Sm.. (1934) 971. 
6 R. A. AL~~NDEFc, N. C. BAE?ZISGER, C. CARPEXIER AND J. R. DOYLE, J. Amer. CJrem. SOC., 82 (1960) 

535. 
7 K. BIRXBAUM, Justus Liebigs Ann. Clrem., 145.(1869) 67. 
S H. B. Jomssw oh?) J. E_ FIELD, J. Amer. Cfzem. Sot., 79 (1957) 1275. 
9 H. B. JOS~EX tiD W. B. KlR!XH, J_ Amer. Chem. Sot. 79 (1957) 1279. 

IO (a) J. Cx%x-r, J. Cjzenz. Sot_, (1949) 3340; 
(b) J. Cmrr AXD L. A. DUXCAXSOX, J_ Chenr. Sot., (1953) 2939. 

11 (a) N. C. B.~ZIGER AXD J. N. DESIPSEY, J_ Amer. Chem. Sot., 77 (1955) 4983; 
(b) N. C. B.XXZIGER .=~vD J. R. HOLDEX. J. Amer. Chem. Sot., 77 (1955) 1957. 

12 G_ B. BOKII AA‘D G. A. KUKINA. Zh. Srrukt. Khim., 6 (1965) 706; Cflem. Abssrr., 64 (1966) 4366h. 
13 K. BIRXBAUU, Justus Liebigs Ann. Cfzem., 145 (1869) 67. 
14 S. M. JORGEXEX, Z. Anorg. Alfg. Chem.. 24 (1900) 153. 
15 J. F. HARROD AXD A_ J. CHALK, J_ Amer. Cftem. Sot., 86 (1964) 1776. 
I6 R. T_ MORRISOX AXD R. N. BOYD, Organic Chemistry- 2nd ed, Al&n and Bacon, Boston, 1966, pp_ 

l&172. 
17 (a) J. S. &ZDERsOXT J. Chem. Sot., (1936) 1042; 

(b) J. R Joy ASI M_ ORCHIN. J. Amer. Chem. Sot.. 81 (1959) 3 IO. 
1s H. Prsfs AND L. A_ SCH.L~P, in D. D. Em, P. W. SEL~OOD AXD P. B. Wflsz (Eds.). Adumces in Ca- 

ra[vsis. Vol. XZZ, Academic Press, New York. 1960, Chapter 3. 
19 E. WICMRS, J_ Amer. Chem. Sot., 43 (1921) 1268. 
20 F_ MYUL~ AhD H. ~AZZUCHELLI, Z- Anorg- Ally_ c~JPt?Z_ 89 (1914) I. 
21 A. H. MESSER. Anal. Chem., 31 (1959) 230. 
22 Ref. 16, p_ 184. 

J. Organomeral. Chem., 15 (1968) 269-272 


