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In cor tinuation of an investigation into the copolymerizat ion of 1,3-dienes with olefins, we have exa- 
mined the react ion of propylene with c i s -  and t rans-p ipery lene  alone and in mixtures ,  in the presence of 
the system NiC12[(C4H~)3P]2-- (C2Hs)2A1C1. t r ans -P ipe ry lene  [trans-(I~] reac t s  withI in a rat io of 1:1 in solu- 
tion in CH2C12 to give a mixture  of o l igomers  in 90% overal l  yield, based on (I) (see Table 1). Approxi- 
mately 70% of the mixture  is composed of 2 ,3-dimethyl- l ,4-hexadiene (II) and 4 ,5-d imethyl -2 ,5 ,8-unde-  
catr iene (]2]), the remainder  being hydrocarbons (IV) and (V), formed by i somer iza t ion  of the diene (II) and 
t r iene (III). The total amount of (IV) and (V) var ied little f rom experiment to experhnent,  but an increase 
in the react:ion t empera tu re  f rom 90 to 110 ~ increased  the proportion of the diene (IV), the proport ion of 
the tr iene (V) falling to 2%. 

The IR spectrum of (]7) shows bands at 895, 975, 3030, and 3090 cm -1, charac te r i s t i c  of methylene 
and t rans-chsubst i tuted double bonds. The PMR spect rum showed a doublet at 1.58 ppm (J = 4 Hz), of area  
corresponding to six protons,  permit t ing ass ignment  to the two CH 3 groups at the double bond. The three-  
proton doub::et at 0.95 ppm (J = 7 Hz) cor responds  to the CH 3 on C-3. The multiplet at 1.98 ppm, relat ive 
intensity 1, cor responds  to the proton on C-3. The m a s s  spectrum of (H) displays intense peaks for [M- 
15] +, [~i-41] +, and [M-69] +, arising by loss of CH3, C3H 5, and CsH 9 respect ively  from the molecular  ion. 

The PhIR spect rum of (IH) has a multiplet  at 0.87 ppm corresponding to the signals for the two CH3 
groups at C-4 and C-10, and the s ix-proton doublet (J = 4 Hz) at 1.58 ppm is assigned to the protons of the 
two CH 3 groups at the double bonds. The five vinyl protons are seen as a group of signals centered at 5.1 
ppm. The broad multiplet  centered at 1.9 ppm cor responds  to the four methylene and one methine protons. 
The m a s s  spect rum of the tr iene (HI) exhibits intense peaks for the ions [4-15] +, [Ni-41] +, [1Vi-69] + and 
[M-95] +, formed by f ission of the f ragments  CH3, C3H5, C4H~, C~Ig, and CTHll f rom the molecular  ion (m/ 
e 178). Ozcnolysis  of the tr iene afforded 2-acetylpropionic,  malonic,  and oxalic acids. 

The s t ruc tu res  of the i somers  (IV) and (V) were conf i rmed by synthesis,  by i someriza t ion of hydro-  
carbons  (II) and (HI) by means  of t-C4HgOK in D~SO, and by the spect ra l  data. in par t icular ,  the PMR 

TABLE 1. Copolymerizat ion of Piperylene with Propylene* 

~4olar ratio 
~fmonomers Overall Composition of cooligomers. % 

Solvent Piperylene .-7---" ~ lyield 
Dpery- pro- ~ ' higher 

i 
tene pylene] ~176 (ri) (nr) (iv) (v) ~ligomers 

CH~Ch [ trans 
CH~CI~ tram 
CHaCI~ 
CHaCI~ eis 
CI-hCh cis + tram 
Cd-hCl ~ tram 
CHCh I ~) 

~ ,5 

i,5 
i,5 

i,5 

85 
90 
70 
20 
95 
80 

35 30 10 
38 34 

25 
40 30 30 _I0 

Higher oligomers 

*Experimental conditions: 0.5 g of NiClz[(C4Hg)sP]z, 0.8 g of (CzHs)zA1C1, 50 g of 
piperylene. Quantity of:propylene shown in the table, 20 re1 of CH2Clz, 90", 2 b_.. 

17 :. 
t6 
22 
28 
15 
26 
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Fig. i. Temperature dependence of the 
overall yield of cooHgomers ofpipe~lene 
with propylene. NiC12[P(C4Hg)3] 2 (0.5g), 
(C2I-Is)2A1C1 (0.8 g), 50 g of a mixture  of 
c i s -  and t r ans -p ipe ry lene  (28 : 72), 46 g 
of propylene,  20 ml CH2C12, 2 h. 

spectrum of the t r iene  (V) contains a s ix-proton mult iplet  
cen te red  at 0.86 ppm, corresponding to the two CH 3 groups 
at C-2 and C-10. The singlet at 1.61 ppm cor responds  to 
the s ixpro tons  of the two CH 3 groups at the double bonds. 
The methylene protons at C-2, C-7 and C-10 produce the 
multiplet  cen te red  at 2.1 ppm (6I-I). The group of signals 
at 4.9-5.3 ppm is assigned to the four vinyl protons. Neither  
the diene (IV) nor  the t r iene  (V) fo rm adducts with maleic  
anhydride, even on prolonged boiling in xylene solution, due 
to the highly alkylated double bonds. 

The nature  of the solvent, monomer  rat io,  and t em-  
pe ra tu re  have a considerable  effect  on the yield and com- 
position of the ol igomers .  Thus, rep lacement  of CH2C12 
by chlorobenzene resu l t s  in the format ion of (H) and (HI) 
only, i so m er s  (IV) and (V) not being formed,  even in t races .  
Substantial amounts of higher  o l igomers  are  formed,  how- 

ever.  In ch loroform solution, formation of the hydrocarbons  (II)--(V) is completely suppressed.  The 
react ion product  is composed of undistillable i so m er s  whose identification has proved difficult. An increase  
in the amount of C3I-I 6 employed resu l t s  in a decrease  in the overal l  yield of (II)-(V), with a simultaneous 
increase  In the proport ion of higher ol igomers .  

Copolymerizat ion of cis-(I) with C3H 6 under optimum conditions gives a 20% yield of the compounds 
mentioned above, in the proport ions  (II) : (HI) : (IV) : (V) = 40 : 25 : 5 : 2. A substantial  proport ion of the 
react ion product  is composed of higher ol igomers .  Reaction of a mixture  of cis-(I) and t rans-(I)  (28 : 72) 
with C3H 6 proceeds  quite smoothly with the formation of up to 90% (see Fig. 1) of a mix ture  of o l igomers  
(II)--(V), in approximately the same proport ions  as in the case  of t rans-(I) .  

On the basis  of these resul t s ,  and those of Ugo [1], the formation of cool igomers  (II) and (HI) may be 
r ep resen ted  by the scheme given below. In the f i r s t  stage, both monomers  enter  the coordination sphere  
of the nickel  to fo rm the complex (VI). There  then follows oxidative addition of propylene accompanied by 
f ission of a C--H bond. The resul t ing complex (VII) is conver ted  by proton t r ans fe r  into the ~-al lyl  corn- 
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plex (VIII). Synchronous duplication of the u-allyl ligand with an isopropenyl residue leads to the formation 
of the 1,4-diene. Subsequently, reaction with an excess of the monomers results in extrusion of 2, 3- 
dimethyl-l~,4-hexadiene with the formation of the complex (VI) and (If)~ 

The formation of the triene (Eli) may be represented as cycloaddition of the diene (If) to (I) via the 
complex (XI, in which the transfer of a proton to the activated molecule (1) results in the formation of the 
two possibl~ x-complexes (X-I) and (XII). 

It is suggested that the addition of the hexadiene residue to the monosubstituted u-aUyl complex 
(XII) is pre:~erred to addition to the disubstituted ~-allyl moiety in the complex (XI). 

EXPERIMENTAL METHOD 

The purity of the monomers was not less than 99. 5%. Analysis of the isomer mixtures was carried 
out on a "Tsvet-102" chromatograph with a flame ionization detector, column length 2 m, 15% Apiezon L 
on Celite 545, carrier gas nitrogen. The PMR, IR, and UV spectra were recorded on a "Tesla B-48013" 
(CC14, HMi)S), UR-20 (film), and "Speeord UV-VIS" (heptane), and mass spectra on an MX-13-06, ionizing 
electron energy 50 eV, ionization chamber temperature 200 ~ 

Coolilgomerization of Piperylene with Propylene. To a solution of 0.5g of NiCI2[(C4Hs)3P]2 in 20 ml 
of CH2CI 2 or'other solvent at 0 ~ was added 0.8 g (C2Hs)2AICI, and the mixture was stirred for 30 mill. The 
catalyst was transferred by means of a stream of argon into an autoclave containing 50 g of (I) (trans-, 
cis, or a mixture of the two, 73 : 27), C3H s was introduced, and the contents heated for 2 h at 90 ~ The 
catalyzate ~vas distilled in steam, the distillate separated, and the contents of the flask were extracted with 
pentane. After working up in the usual way, the oligomers were separated by distillation. The chromato- 
graphically pure hydrocarbons had the following constants: 

2,3-Dimethyl-l,4-hexadiene (If), bp 105-106~ nD 2~ 1.4663. Found: C 87.6; H 12.2%; m/e Ii0. C8H14. 

Calculated: C 87.3; H 12.~/o. 

4,5-Dimethyl-2,6, 9-undecatriene (HI), bp 190-191~ nD 2~ 1.4541. IR spectrum (v, cm-l): 980, 3030 
(trans-CH == CH). Found: C 87.5; H'12.6%; m/e 178. C13H22. Calculated: C 87.7; H 12.3%. 

2,3-Dimethyl-2,4-hexadiene (IV), bp 111-112~ nD 2~ 1.4622. UV spectrum, khep tane 231 nm, ~ 1200. 
max 

IR speetrtuz~ (~, cm-i); 975, 3030 (trans-CH= CH). PM_R spectrum (6, ppm): 1.62 (12H), J = 3 Hz; 4.9- 

5,2 (2H, CI~---- CII); m/e ii0. 

4,5-Dimethyl-3,5,8-andecatriene (V), bp 195-196~ nD 2~ 1.4689. UV spectrum, k heptane 232 nm, 
max 

13;500. Hlspectrum (v, em-l): 980, 3030 (trans-CH ---- CH); m/e 178. 

Preparation of the Conjugated Hydrocarbons (.IV) and (V). A solution of i0 g of the corresponding 
hydrocarbon (II) or (HI) and I g of C4HgOK in 29 ml of absolute DMSO was heated at 70 ~ for 2 h, diluted with 
water, and "~;he product extracted with pentane. After working up in the usual way, the (IV) and (V) ob- 
tained were identical with the hydrocarbons isolated from the oligomerization experiments. 

Ozonelysis of the Triene (Ill). Into a solution of 5 g of (III) in 20 ml of CH3COOH at i0 ~ was passed a stream 
of 02 containing 6-7% of 03, until it escaped from the outlet, whereupon 5 ml of HCOOH and 5 ml of H202 were 
added, and the mixture kept for one day at 20 ~ After evaporation in vacuo, the residue was methylated with 
diazomethane. From the GLC results, the mixture contained the methyl esters of oxalic, malonic, and 2-acetyl- 
proprionic acids. These were isolatedbypreparative GLC and identified by comparison with authentic samples. 

Mothy2: 2-acetylpropionate,bp 42 ~ (2 mm); nD2~ 1.4231. IR spectrum (v, cm-i); 1708 (~C ~- O), 1740 

(CO2CH3). PM_R spectrum (5, ppm): i.ii (3H, CH3) , J = 6 Hz; 2.09 (3H, CH3C ). Found: C 55.5; H 7.6%; 
~r~/e 130. CtHI003. Calculated: C 55.2; H 7.~. 

CONCLUSIONS 

Lineaz' cooligomerization of piperylene with propylene over the catalyst NiCI2[P(C4Hg)3]2--(C2Hs)2AICI 
results in the formation of 2,3-dimethyl-l,4-hexadiene and 4,5-dimethyl-2,5,8-undecatriene, and to their 
isomers containing conjugated double bonds. 
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