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Reaction of isobutene and vinylidene chloride with palladium 

ace&ate at 60 o yields l,l-dichloro-4-nethylpentadienes as well as 

2.5-dinet~ylhexa~o_nes_ The reaction is highly dependent on the 

presence of nitrite,which is essential for the cross-coupling 

and which suppresses dehydrodinerisation of isobutene- 

IWiRODUCi3ON 

Tine oxidative dinerisation of branched olefins by palladium(II1 

acetate has been rationalised c-11 in terms of Markocovnikov-like 

addition of the Palladiur;lsPecies tb the olefins t.& give acetoxy- 

palladate inte&diates which lack-a hydrogen at& 6 to the 

palladium. Certain electron deficient olefins, such as vinyl 

-. 
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acetate [2], also undergo dehydkod+cerisption althoL?h they_p&sess 

hydrogens which would be 6 to palladium in the proposed intermediates. 

Since vinylidene chloride is electron deficient and lacks a- 

. B-hydrogen, it appears a reasonable candidate for dehydrocoupling 

evez thotqh Pd(II1 is known to catalyse nucleophilic displacement 

of vinylic chloride [3]. 

l,l-Dichloro-4-methylpenta-1,4-diene (I) wd l,l-dichloro-4- 

methylpenta-1,3-diene (II) are precursors of em important group of 

new synthetic pyrethroid insecticides [43. Previously, I and II 

have been prepared by a multistage synthesis 151 unsuitable for 

large scale manufacture. With the aim of devising cheap, single- 

stage syntheses of I and II, we have found that they are formed 

directly by the oxidative coupling of isobutene with vinylidene 

chloride brought about-by palladium (II). 

EXPi?,RIMEWfAL 

Yaterials 

Isobutene {Air Products) was dried over calcium chloride. 

vinylidene chloride (ICI Wnd Division1 was dried over 3A molecular 

sieve_ Reagent grade palladous acetate <Johnson Matthey) contained 

nitrogen (D-57%) but there was no trace metal present at more than 

0.01% as revealed by emission spectroscopjj. Purer material, which 

was obtained by recrystallisation from acetic acid or by reaction 

of palladium s_ponge [6] , contained nitrogen (0.04%) and trace metals 

rt the same concentrations as the reagent grade sample. 

Preparation of Standards 

X.1.4.4-Tetrachlorobutadiene was prepared from sulpholane [7] 

ad I and II were synthesised from cbloral c5j_ 

Fraction Procedure 

Typically, Pd(Mc) 2 (2 ml) was dissolved in vinylidene 

chloride (Table 11 and placed in a glass liner vithin a stainless 

steel autoclave of lo0 ml capacity. The autoclave was purged with 

,. 
nitrogen and liquid isobutene vas admitted. -After sealing cf the 
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vessel, the tempera&r& was bough to the d&aired Level and the 

mixture was stirred throughout the reaction,. After the reaction, 

Pd petal. was estimated by weighing and the organic products uere 

determined by GLC at 70° 0n.a 2m column of 10% BB'-o&ipropi&trile 

on celite. 

Doping of Pd(OAc) 
2 

Recrystallised Pd(OAc12 was dissolved in acetic acid and an 

aqxous solution of NaE2 was added. The mixture was heated under 

reflux for 10 +n and then the solvents were removed under reduced 

pressure_ The solid was extracted with acetone- In every case 

tkere was rather lass than 1 mol of residual NeOAc for each mol of 

N.z302used. Solvent was removed rrom the extracts and the doped 

oxidants were dried in vacua. -- 

Identification of Prcducts 

Prcducts were not isolated but were identified on the basis 

of their GLC-IZZS.S spectra. I and II showed a strong parent ion at 

m/e 150 (2 C135) and major fragments, in order of intensity, at 

qe 79, 39, 41, 115 (I. Cl35L 99 (1 C135) and 135 (2 Cl 
35 

). An 

unidentified chlogoacetate, formed on treatment of isobutene and a 

several fold molar excess of vinylidene chloride with reagent grade 

Pd(OAC12, showed major rcass peaks at n/e 172 (1 C135), 157 (1 C135), 

129 (1 C135); the crackiGg pattern is cxznsistent with the loss of 

CE3 and of CE3CS0 from the ion of a/e 172, A product of molecular 

weight 172 mDst reasonably corres_wnds to dehydro-condensation of 

isobutene with vLnylidene chloride, addition of acetic acid-end loss 

of H2 and HCl. The yield of chloroacetate shown in Fig. 1 is only 

approximate and s~_pz~ses that chloroacetate has the same molar glc 

response as cyclopentanone. 

-RESULTS AND D&USSICB 

Isobutene 

as nitrobenzene 

1,3-diene (IIS) 

reacts irith Pd(OAc12 in -polar aprotic solvents such 

to give nearly equal quantities of 2,5-dimethylhexa- 

and 2,5-dimethylhexa-2,4-diene (Iv). The reactioA 

I 

-. 
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Koi Ratio vinylidene chloride/isobutene 

Fig. 1. EZfkct of Reactant Ratio on Product Distribution 
with Reagent Grade Pd (OAc)Z (2 mmol) 

0 I •t II 

8 Pd metal 

a Chloroacetate 

is hot-greatly temperature dependent between 60 and 90° (Table 1) 

but:higher yields 'of II.1 and IV, based on metallic palladium deposited, 

are formed with purified P~(OAC\~)~.- 
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Treatment of neat vinylidene chloride with Pd(Q4c)S, which 

dissolves, yields no dehydrodime rs and Pd(Il) reduction is highly . 

dependent on Pd(OAcl2 purity. Xith untreated reagent grade PdWXM2, 

all the PdllT) is rGd12~ed but the cnly Mlatiile p_4uct is acetic 

acid. In C(3ntrast. no volatile products and very little mtallic 

Pd are detected when vinylidene chloride is treated with recrystallised 

Pd(OAcJ2, As expected treatment of mixtures of vinylidene chloride 

and isobutene with Purified Pd(oAc12 yields dehydrodimers of 

isobutene but no products derived from vinylidene chloride. 

Surprisingly. cross-coupling of isobutene together with 

vinylidene chloride is accomplished by reagent grade Pd(OAc)S. 

_&action of isobutene, in an excess of vinylidene chloride, with 

unpurified Pd(OAcl2 yields an equiwlar mixture of I and II in 

addition to III end IV. No dimers of vinylidene chloride are 

produced. The products are formed gradually during about an hour, 

but the product spactruz remains unchanged throughout the reaction 

so indicating that each compound is a primary product. 

Variation of the reactant ratio has a complex effect on the 

product yields (Fig. l)_ With vinylidene chloride in tenfold molar 

excess over isobutene, and with reduction of half the initial 

Pd(I1). the combined yield of I and II on Pdo de-posited is 208 

while that of III and IV is 70%. Selective formation.of I and 

II cannot be achieved merely by increasing the fraction of 

vinylidene chloride in the reaction mixture because, with high 

levels of vinylidene chloride, the formation of an unidentified 

chloroacetate becomes marked. Only a narrow range of conditions 

favour synthesis of I and II. 

In isobutene-vinylidene chloride mixtures, up'to half of the 

reagent grade PdiOAcJ2 added is reduced within an hour, but the 

remaining Pd(II) remains unreduced even after_16 hours_ It seems 

that III and IV adduct to, and presumably deactivate, the unreacted 

Pd (II). Thus, the apparent concentrations of III and N-in reaction 
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sixtilres, 

injection 

The 

Pd(II) do 

as deterrain ed by GLC, increases markedly as the GIG 

block temperature is raised from 110 to 200°. 

chloroacetate, trichloroacetate, benzoate and nitrate.of 

not promote the olefin dehydrocoupling reactions. Mareover, 

impurities in commercial Pd(OAc12, which are removed by recrystallisation, 

are essential for the production of I and II- On racryrtallisation, 

there is no significant change in the trace metal content of Pd(OAc12 

but the level df nitrogen f+ls from O-6 to 0.04%. The presence 

of nitrogen is attributed to the nitric acid used in the manufacture 

of Pd(OAc12 [6j. Doping of purified Pd(OAc12 with PdW03)2 produces 

only a small increase in the selectivity to I and II; the mixture of 

Pd salts does not yield as much I and II as does unPurified Pd(OAcl2 

having an equivalent nitrogen content. Higher nitrate levels depress 

the yields of coupied products. 

Doping of Pd(OAc12 vith nitrite is more effective (Table 2) and 

I and 11 can be obtained in 40% yield. The structure of the 

nitrite-doped samples is not lcnoun. The presence of anionic NO2- 

is indicated by an XR band at 835 cm-1 which can be attributed to 

6(h'02) [81- There are no bands characteristic of other nitrogen 

containing groups, so it seems likely that all the nitrogen is 

present as SiO2-. Elemental analysis does not indicate simple 

rational com_positions. However, the formation of I and II is 

related to the ratio of nitrite to acetate in the oxidant, as deduced 

from measured N/C ratios (Table 21, according to Equation 1. 

It is Of interest to consider this relationship together with 

Kikukawa's proposed soheme for oxidative coupling of olefins h]- 

In our work, cou@ing occurs only when isobutene is present. Dimere 

of vinylidene chloride are never obse_Tved, and, with low isobutene/ 

vinylidene chloride ratios the major product appears to be the 



unidentified chloroacetate. Formation of this chloroacetate is 

completely supressed by -modest quantities of isobutene (Fig. 1). 

This suggests that the initial reaction leading to I and II is the 

addition of Pd(II) to isobutene- The‘adduct or adducts (CF13>2C X CR2 

so formed subsequently react with either vinylidene chloride, to 

give I and II, or with isobutene, to yield III and IV. The anion 

dependence Equ. 1) of this competition suggests that vinylidene 

chloride is preferred when Y, or perhaps X, is h‘02. The presence 

of nitrite apparently is essential for the formation of I and II, 

and high yields of I and 11 result only at high nitrite levels. 

Sowever, although Egu. 1 is followed when /NOZ/:/CLAcl is varied by 

a factor of -re than 200, the major effect of nitrite is to suppress 

the formation of III and IV. Thus, conversion to I and II is 

largely unchanged as the nitrogen content of the oxidant increases 

from 0.57 to 7-448. The low conversions to III and IV, which 

result at high nitrite loadings, suggest that association of one 

nitrite anion with a Pd(II) ion is sufficient to prevent dehydro- 

dimerisation of isohctene at that centre. Since doping with 

nitrite markedly lowers the rate at which Pd(I1) is consumed, the 

system is synthetically useless. 

As the ratio of vinylidene chloride to isobutene is increased, 

competition between the two olefins for Pd(II) in the initial 

addition is expected to increasingly favour vinylidene chloride. 

Presumably. addition of Pd(II) to vinylidene chloride gives rise 

to the unidentified chloroacetate which is probably a modified 

cross-coupled product. 
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