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Abstract. Toluenesulfinate serves as a cocatalyst for the selective formation 

of a-hydroxy cc-octa-2.7-dienyl ketones (z, the products of C-C bond formation) 

in the reaction of palladium catalyzed dimerization of 1,3-butadiene with 

acyloins, while the same reaction using triphenylphosphine, instead of tolu- 

enesulfinate, as a cocatalyst provides a mixture of 5 and 2-0~~ octa-2',7'-di- 

enyl ethers (2, the products of C-o bond formation). 

Previously we have reported that sodium salts of alkyl-, aryl-, and 

aralkylsulfinic acids serve as a cocatalyst for the palladium catalyzed 

dherization of 1,3-butadiene with Primary and secondary alcohols to give 

2,7-octadienyl alkyl ethers in high yields. 
1 

Here we wish to report that the 

complex prepared in situ from palladium chloride and sodium toluenesulfinate 3 

nicely catalyzes a dimeritation reaction of butadiene with a-hydroxy ketones 

(i-e., acyloins). Making marked contrast to the ether formation reaction with 

alcohols as mentioned above, acylains (&$"$E) reacted with butadiene at the 

carbon atom bearing a hydroxyl group to give rise to the cc-hydroxy u-octa- 

2,7-dienyl ketones (2, 
'L 

the products of C-C bond formation reaction) selec- 

tively with a concomitant formation of small amounts of the C-O bond formation 

products [2-oxy octa-2’ ,7” -dienyl ethers ;) (equation 1). 

Results of reactions with some typical acyloins are surnmaxized in Table I, 

which shows the generality of the present reaction for acyloins with a variety 

of structures. An acyloin is one of the typical active methylene compounds 

and its alkali metal salt reacts with alkyl halide at the carbon bearing a 

hydroxyl group.4 Therefore, the present reaction may be recognized as one 

example of the reactions of palladium catalyzed butadiene dimerization with 

active methylens compounds (such as diethyl malonate, acetylacetone, a-sul- 

fonyl ketones, etc.). But, 

this fieldf5 

to our surprise, despite the extensive studies on 

no report has appeared on the reaction of butadiene with acyloin, 

which might partly be attributed to the non-selectivity for the reactions 

using triphenylphosphine as a cocatalyst. All the palladium-triphenylphosphine 

complexes examined (palladium complexes b, C, and d, Table II) turned out to 

catalyze the reaction to give an unpredictable mixture of products (2 and ;2) 

in low yields. Among them, eXCePticnally high selectivity for the c-o bond 



Table I. Palladium Catalyzed Dimerization of Butadiene with Acyloins a) 

Entry Acyloin Palladiumb) Conversionc) Isolated ProduCt Rat ioe) 

Complex (%) Yield(%)') 2f) 3f) 
% Q 

laf) 100 87 

97 344) 

24 (37) 

53 (28) 

89 

3 

5 

16 

11 

97 

95 

a4 

la 

la 

la 

5 lb a 

6 lb b 

LOO 47 

38 (8) 

100 SO 

75 25 

lc 

lc 

7 

B 

a 

b 

90 42 98 2 

52 (6) 57 43 

9 

10 

Id a 

la b 

93 

97 

44 

75 

100 

89 

QO 

11 

11 

12 

le 

le 

98 

7B 

(57) 93 7 

(26) 56 44 

a 

b 

13 

14 

If a 95 88 100 0 

If b 62 70 66 34 

a) 

b) 

C) 

d) 

e) 

f) 

4) 

Molar ratio of reactant is as follows: For entries 1~4, palladium complex 

(1 mmol), acyloin (160 mmol) , butadiene (120~~140 mmol), and with (460 

nunol, entry 1) or without H20 (entries 2, 3, 4). For entries 5QlO and 

12b14, palladium ccmplex (1 mmol), acyloin (50~100 nunol), butadiene (150% 

300 lnmol), and dimethyl sulfoxide (15~30 ml). For entry 11, I-l20 (470 

mmol) was added to'the above reaction mixture (entries 5slO and 12G14). 

Small letters a, b, c, and d are meant to refer to the palladium complexes 

PdC12 (1 mmol)+p-C~3C6H4S02Na*4H20 (5 mmol), Pd (PPh3)4r Pd(PPh3)2(maleic 

anhydride), and Pdl(OAc)2 (1 mmol)+PPh3 (4 nunol), respectively. 

Conversion is determined either on the basis of butadiene recovered 

(entries 1~4) or aoyloin recovered (entries 5~14). 

The values in parebtheses refer to the vpc yields taking bibenzyl as an 

internal standard. 

Product ratio is determined on the basis of area intensities (vpc). 

For the structures; of L, d, and 3, see equation 1. 

In addition to $ ahd 3., a and $ Gere isolated in 11 and 16% yields, 

respectively (see Itext). 
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La RW=CH3 Id RL=PhCH2, R'=H 

lb Rl-R2=(CH 1 
24 

1s R1=Ph, R2=H 

1.2 
1 2 

R -R =(CH213 If R1,R2=ph 

formation was observed in the reaction with la when Pd(PPh314 was used as a 
Qi?, 

catalyst (entry 2, Table I). In the same run, 

R2=CH3), butadiene tetramers t and 56 

in addition to ZJ and : (RI= 

were also produced in 11 and 16% yields, 

respectively, whose structures were%assigned tentatively as depicted. 
7 

q D 
0 

4 5 

The reduced isolated yields encountered in the reactions with $k, I&, $",, 

and tz may be due to the propensity of self-dimerization of these acyloine to 

form 2,3,5,6-tetrasubstituted 2,5-dihydroxy-1,4-dioxanes. a,9 

When an unsymmetric acyloin (1: R1=C2EJ5, R2=CH3) was subjected ta the 

reaction under the same conditions$as entry 1, three kinds of products were 

isolated, R'=CH and 

R1=CH3, 

two of which were the products of type $ (R1=CZH5, 

&Hj, 

R2=C2H5 in 38 and 31% yields, 
3 

10%) .10 

respectively) together with $ (R1=C2H5, 

This result suggests that the present reaction proceeds via 

an enol-form of 1. 

ExperimentsZtypified with entry 1 are as follows. Magnetical stirring 

of PdC12 (185 mg, 1.04 mmolj and p-CH3C6H4S02Na*4H20 (1.26g, 5.03 mmol) in 

S ml of Hz0 at ambient temperature for 30 min forms yellow suspension of 

palladium complex. To the suspension in a screw capped test tube are added 

acetoin (la, 14 g, 158 mmol) and 1,3-butadiene (6.5 g, 120 mmol) and the 

mixture VI:: stirred vigorously at ambient taperatur-e for 20h. After re- 

covery of butadiene (no butadiene is recovered in this run), sat. NaCl was 

added to the reaction mixture and extracted with benzene twice. Benzene 
_. 
extracts were dried over Na2S04, condensed and the residue was distilled 

under reduced pressure (%110"/35 nunHg) to give a mixture of 2 and &(R1= 

R'=CH,) in a ratio of 89:llas a colorless liquid (10.3 g, 87% yield based on 

butadiene), each of which was purified by preparative vpc. 2 (R'-R2-CR ) - _ 
% 3: 
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1H NMR (6 in CC14) 1.31(s, 3H), 1.57~2.20(m, 6H1, 2.12(s, 3Hlr 2.32(d, J=6Hr, 

2H) I 3,45(s, lH), 4.73%6.18(m, 5H); IR (neat film, cm -+ 3400m, 31oow, 1715s. 

1645w, 1165m, 99Ow, 970m, 910m; mass spectrum (m/e, rel. intensity) 153(19), 

109(18), 95(100), 88(54), 67(69), 55I57), 43(98). 3 {R~=R'=CH ) 'H NMR 
3: 

(6 in Ccl,) 1.2l(d, J=7Hz, 3H), 1.3&2.43(m, 6H), 2:05(s, 3H), 3+76(q, J=7Hr, 

1H) I 3.95(d, J=SHz, 2H), 4.85Q6.27(m, 5H); IR (neat film, cm-11 306Ow, 1715s, 

164Ow, lllos, 99Ow, 97Om, 911]m: mass spectrum (m/e, rel. intensity) 109(35), 

67(100), 55(35), 43(71). 

In conclusion, sodium toluenesulfinate proved to be a cocatalyst for 

the selective formation of 2 in the palladium catalyzed dimerization of buta- 

diene with acyloins. The e?ficiency of the present reaction is augmented by 

the ease with which it is performed (ambient temperature, neutral conditions, 

without care for moisture or air) and also by the interesting structural 

features of the products as a synthetic intermediate. 
4,ll 
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