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Summary 

The reaction of 2-t-butyl-1,3-butadiene with z-allylic palladium chlorides is 
described: The 2-chloroallyl complex gives a r-allylic complex with an open 
chain structure, in which the butenyl group in is the anti-position. Allyl-, l- 
carbomethoxyallyl-, methallyl-, and l-carbomethoxymethallyl-palladium chlorides 
give six-membered cyclic complexes_ The product of the former two are r-allyl- 
lit and those of the latter are u-bonded complexes_ 

- 

Introduction 

The reaction of s-allylic metal complexes with conjugated dienes, which leads 
to insertion products and gives butenyl-substituted n-allylic complexes [l-3], is 
of considerable interest from the view-point of synthetic chemistry and because 
of its relationship to the mechanism of the stereospecific polymerization of 
I,3-butadiene [4,5]. The attack of the dienes occurs at the most highly substituted 
a-allylic carbon. 

CH~=CH--CR=CH~ + R” :*-pd-CI ____c 

5 
(1a.R = t-C.H9; 

Ib,R = CH,) 

I 
{TPd--Cl (1) 

R’ s 
R 

cH,cnR’cn-=cH, 
UIa.R’= RI= H: 

Ilb. R‘ = t!, R-= Cl; (mo.R= t-C,H9.R’= H-R-=CI; 
lk,R’= H,R--CH~; l3Ib.R = CHJ. R’= H,Re=Cl) 
Kla,R’= COOCy,R’= H; 

.Ilt.R’= COOCH-,.R’= CH,) 

In general, the syn-unti isomeriaation (eq. 2) is very facile and the bulkiest 
substituent on the z-allylic terminal carbon is in the syn-position. Therefore, in 
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most cases the butenyl substituent is in the syn-position_ The t-butyl group is 
very bulky and should occupy the syn-position of the Ir-allylic ligand. Thus the 
preparation of sr-allylic complexes having the anti-butcnyl substituent is espected 
to be possible when 2-t-butyl-1,3-butadiene (Ia) is allowed to react with various 

antr-form syn-form 

sr-allylic complexes (II). In order to obtain systematic information on the influence 
of the anti-butenyl substituents in the s-allylic ligands, we investigated the inser- 
tion of Ia into the Pd-C bond of different r-allylic complexes. 

Results and discussion 

All the reactions were carried out in benzene under an atmosphere of argon. 
The reaction conditions are summarized in Table l_ Electron-tiithdrawing sub- 
stituents on the rr-allylic ligand facilitate the reaction considerably [ 3]_ There- 
fore, the reaction of the 2-chloroallyl complex (IIb) was complete within 30 
min at room temperature? while those of the other complexes required heat- 
ing. 

Reaction of Ilb. The product IIIa was compared with IIIb, which had already 
been prepared by Medema et al_ [2]_ The NMR spectra of these complexes are 
shown in Fig. 1. Ccmplex IIIb is-a mixture of the syn- and anti-isomers, which 
is shown by the two methyl signals at T 8.8 and 8.7 ppm, respectively_ The 
absorption due to H, of the anti-butenyl group of IIIb appears at T S-16 ppm_ 
The appearance of H, of III at T 8.1-8.3 ppm shows that the butenyl group of 
IIIa is in the anti-position- The infrared spectrum shows absorptions at 1636 
and 885.7 cm-‘, which are assigned to the C=C stretching and C-H out-of-plane 

TABLE 1 

REACTIONS OF II WITH 2-t-BUTYL-1.3-BUTADIENE 

IT-AlIs condilioru Roducfs Yield M.D. AnaIssis (found <C&XL) (%)) 
V%) (decORIp) 

Co0 C H 

11s =DOX,., temp.. 0.5 h IIIa 57.3 141-142 40.32 5.53 
<40.33) (5.545 

IIC 60°C. 4 days IVa 53.5 130 46.98 7.50 

60%. 3 days 
(46.92) (6.69) 

IIe IVb 60.0 140 46.32 6.10 
<46.05) 

IIa 60%. 4 days 
(6.35) 

Va 32.7 108-109 44.93 6.65 
<45.07) (6.53) 

IId 60°C. 18 h vb 38.3 153-159 44.60 6.29 
<44_47) <6.03> 
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Fig. 1. ‘H SXR spectra <LOO MHz) of IIIa (A) and IIlb (B) in CDC13. 

vibrations of the terminal double bond, respectively. The far infrared spectrum 
has a strong absorption at 225 cm-’ due to the bridging u(Pd-Cl). Osmometry 
showed that IIIa was dimeric. 

Reactions of ZZc and ZZe. In contrast to the reaction decsribed above, IIc and 
IIe gave cyclic products, which were found to have one olefinic proton by NMR 
(Fig. 2). Their IR spectra show medium absorptions at 1515 and 1510 cm-‘, 
which are assigned to the coordinated double bonds of IVa and IVb, respectively- 
The reduction of IVa with LiARI (or LiAlD,) gave l-t-butyl-4,4dimethyi-l- 
cyclohexene, which had an NMR spectrum identical with that reported [6]. 
Deuterium was incorporated into the methyl group with LiAlD+ 

Assignment of the NMR signals was based on decoupling experiment. It is 
notable that the resonances due to Hs and H9 of IVa are split into doublet of 
doublets_ This fact is explained by the assumption that IVa is in the form of a 
half-chair. The splittings of H8 and H9 arise from long-range coupling with H, 
(J 1 Hz) and HS (J 2 Hz), respectively_ This coupling occurs through the four 
u bonds when the five atoms are in the all tmns relationship c’?]. Because of 
,st&c requirement, IVb presumably is deformed slightly and this deformation 
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resuIf+ in the lo_= of the koupling. Therefore, only the long-range coupling 
between H, and H9 is observed_ This explanation can be well understood by using 
Dreiding modek 

The 13C NMR spectra of &a.kd &t; which are s~~nuna&ed~& ‘T.&l! 2; a& I 
~. 
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R’ 
LI Al Ha, ( D4) 

IPO - 

/ i5 
CHJ (0) 

(IPo.R’= I-!; 

Ip b . R’ = COOCH,) 

consistent with the proposed structure_ There are no appreciable differences 
in the chemical shifts of the C(2) carbon and the t-butyl group in IVa and IVb. 

Reactions of ZZa and ZZd. Complex IId reacted more readily than did IIa, due 
to the electron-withdrawing substituent on the z-allylic ligand. The products of 
these reactions were the cyclic x-allylic complexes (V). The identification is 
based on the IR and NMR spectra. The NMR spectra show the typkal resonances 
of n-allylic protons The protons on the C(2) and C(3) carbon atoms of Va 

(JZa.R’= H: 

Pb. R’ = COOCti3) 

appear at T 4.58 and 5.25 ppm (JZ3 6.8 Hz)_ Those of Vb appear at r 4.58 and 
5.37 ppm (& 7 Hz). 

Reduction of Va with LiAIH4 or LiAIDJ further supports the structure of 
the six-membered cyclic ligand- The organic product of this reduction was l-t- 
butyl-4-methyl-l-cyclohexene, which was identified by comparison with an 
authentic sample. The reduction product with LiAlD, had deuterium on the 
C(3) atom. 

Reaction mechanism_ This type of cyclization of s-allylic ligands on palla- 
dium, which leads to six-membered rings, has not been reported previously, 
although some cyclizations forming five-membered rings have been observed 
in the oligomerization of acetylenic compounds on palladium [8,9 J. 

The three types of reactions described above are believed to proceed through 
the same intermediate as shown in Scheme 1. The insertion of 2-butyl-1,3-buta- 
diene occurs at the more substituted carbon of the n-alIylic~ Iigand. Therefore, 
the direction of this insertion (electrolytic reaction on palladium 143) seems 
to be determined electronicahy. The butenyl group, which is formed by the 
reaction with Ia, is in the anti-position and can interact with the palladium. 
ThiGtereochemical requirement seems to be essential for the internal cycliza- 

:- 
:__._ _. .--- .:. <_.. ._- .- 
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TABLE 2 

‘k NXR SPECTRA OF IV IN CDCl3 

mza,Fz’= I+; 

mb,R' = COOCti3) 

Pd 

7 8 

Chemical shift (ppm from T&IS) 
-__- -__--- -- ..~. - 

C(1) 
cm 
C(3) 
CC-l) 
Cc5j 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
all) 
C(12) 

IVa 

131.3 
95.6 
25.7 
37.9 
-10.9 
33-9 
52.5 
2513 
38.5 
29.2 

Ivb 

130.8 
95.3 
29.2 
38.7 
46.5 
36.7 
50.8 
23-S 
38.5 
29.2 

115.4 
51.2 

tion. In fact, the insertion product of isoprene, which has the butenyl group 
in the syn-position, could not be cyclized. When R’ is chlorine, the open chain 
structure is stable; i.e., &ordination of the double bond of C(G)-C(‘i) in III is 
not enough to cause insertion into the C(l)-Pd bond. Therefore, no cyclization 
occurred at 60°C in 4 days. Chlorine, because of its electron-withdrawing nature, 
decreases the reactivity of the complex toward insertion of the terminal double 

II m N 

R’= H Fil=cH-j 

CL 
R*= Cl 

V 
R-z ” 

SCHEblE 1 
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bond. Complex III was confirmed to be a precursor of IV by observing the IR 
spectrum of the reaction mixture at an early stage in the reaction. The spectrum 
showed absorptions at 890 or 990 and 910 cm-’ due to the terminal methylene 
group_ The intensities of these absorptions decreased with reaction time. The 
reaction product from III results from an internal insertion of the double bond 
(C(6)-C(7)) into the Pd-C(l) bond to form C(l)-C(6) and Pd-C(7) bonds_ 
When R is hydrogen, a H shift from C(1) to C(7) occurs and the &s-membered 
Ir-allylic ligand of V is formed. 

Esperimental 

Mzteriais. 2-Chloro-r-allyl- [lo], 1-carbomethosy-x-allyl- [ll],and l-carbo- 

methoxy-s-methallyl-palladium [ 111 chlorides were prepared by the reported 
methods. 2-t-Butyl-1,3-butadiene was prepared by the reaction of t-butyllithium 
with pinacoi, followed by dehydration, bromination and dehydrobromination 
in quinoline [12I. 

Reactions. All of the reactions of the sr-allylic palladium complexes (1 mmol) 
with 2-t-butyl-1,3-butadiene (O-35 ml) were carried out in dried benzene (1 ml) 
under an atmosphere of argon. After evaporating the benzene, the resulting 
solid was recrystallized from benzene/petroleum ether_ The reaction conditions 
and the yields are summarized in Table 1. The yields are based on the amount 
of the compleses obtained after recrystallization. . 
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