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Abstraott The pyrolysis of [1-‘4C] -1,3-butadiene gives insights 
‘into unoonveatiooal reaction steps by means of the distribution 
of radloaotivity in the main produota. 

l,+butadieoe (I) is an important latermediate in the di8CUSBiOn 

of an alternative meohanlsm to form aromatias via (4 + 2)-cyolo- 

additioo from acyollo hydrooarbons at high temperatures 1,2) .From 

the q echanistio point of view the phenomenon of aromatizatioa la 

the gas phase is, however, still unsolved. Therefore some non- 

olassio reaotioa pathways like hydrogen transfers 3) and/or the 

cyoloaddition of 1 with unsaturated radioals 4) were proposed. 

Although the pyrolysis of pure ? has been studied under various 

reaotioa ooaditione many times before 5-9) no details of the reao- 

tion meohanism oould be deduoed from these experiments. Even from 

studies with labelled 1,3-butadiene 10-12) only little experimen- 

tal evldeaoe has been obtained on the nature of the starting 

step’3), on the meohanism of methane formation 6,9) 

origin of the aromatias I-4). 
, and on the 

In oonneotloa with studies of oonstruotlve reaotions under oon- 

ditions of the pyrolysis of hydrooarbons we examined, amon 

things, the thermal ooaversioa of ordinary 1,3-butadiene14 7 
other 

and 
ia aelectsd run8 alao of 1-14C -1,3-butadieae ( [l-‘4C]-l)15*16). 

The aurprising results abserved duriag the pyrolysis of ipso- 

topically labelled 1 induoe ua to publish these results in 

advanoe. 

Corresponding to 14) 1 was pyrolyzed in a IO:1 mixture with 

[l-14~]-i at 740 to ~ZO’C and a resultis cootaot time of 0.2 to 

0.4 860. The gross aotlvity of the feed was about 10 ?&Bq mol-‘, 

the aouversion of ?, was 10 to 30%. 
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870 

Though the reaotion ooaditions were adjusted oarefully the re- 

producibility of the results was comparatively uosatisfaotory. 

This oorresponds to other observation8 9,14) and means that the 

reaotion sgatem is a very thermolabile one. Therefore we assume 

a oomplex reaction system whose oompeting reaotiou paths depend 

signifioantly but ia various rays on the oomplex parameter set. 

Based on this statement we give information about the average 

values of the eeleotivlty Si of all main products (Si> 2%) whioh 

are formed in the pyrolysis of 1 (Table I). Information is alao 

Table 1: Selectivity (St) and relative number of labelled 

C-atoms (a,) of the main produote from [l-14CJ-! 

product 
% 

a) 
“i 

b) 

methane 

aoetglene 

ethylene 

propylene 

1,3-peatadienes 

oyolopentadieae 

methyloyolo- 
pentadienea 

benzene 

1,3_oyolohexadiene 

toluene 

15 1.0 

3 I.! 

23 1.1 

4 2.1 

5 2.5 

13 2.5 

2 3.1 

19 2.2 

2 3.0 

4 2.9 

a 
3 

Moles per 100 moles oracked 
b 

,Np _ 
Caloulated values refer to: * 2.0 

given on the number of labelled C-atoms (ai) for these produots. 

Beoause of the identity of the terminal C-atoms in 1 the listed 

ai-values were oaloulated for 1 hypothetioally labelled symmetri- 

oally in positions 1 and 4 on the basis of the measured values 

for [l-14i]-?. 

The sum of aotlvitles of all produots listed in Table 1 oorre- 

speeds to more than 85% of the activity of converted [I-‘“Cl-!. 

The oonsisteaoy oriterlon for the used r~0_ analysis 
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E si mi / x si ni = 2.0 (mi - number of C-atoms for eaoh oom- 
pound) is ia good agreement with the experimentally determined 

value of 2.06. 

In comparison nith other investigations S-9,16) we observed no 

new reaction produots but we found for the first time referen- 

oes to unoommon reaotioa pathways for the formation of various 

hydrooarbons. The more interesting mechanistic aspeots derived 

from the 

(1) 

(2) 

(3) 

results presented in Table 1 are as follows: 

Methane and ethylene have nearly the same number of 

labelled oarbon atoms ni. That means (without oonsidera- 

tion of details) 

- methane will be formed nearly oompletely from the 

terminal C-atoms of i and 

- in the formation of ethylene (as well as acetylene) 

a meohanism involving a vinyl fragment seems to be 

followed. 

The ui-value of propylene is higher than expected. For 

this a nonterminal additiou of a methyl radical to 1,3- 

butadieae followed by the cleavage of the adduot radloal 

to a manifold labelled propylene and a vinyl radioal 

oould be responsible. 

An important irregularity is evident. IP aooordaaoe with 

the mentioned ooaoept of aromatizatloa 1-3) benzene and 

1,3_cyolohexadiene should have the same ni-value because 

In this oonoept benzene Is the immediate product of the 

dehydrogenation of 1,3-oyolohexadiene. The experimental- 

ly determined values are divergent (2.2 against 3.0). 

The unusual results reported show that during the pyrolysis of $ 

unknown reactions take place which do not correspond to conven- 

tional ideas. We are continuing our studies on the pyrolysis of 

1,3-dienes hoping to clarify missing q echanistio details. 
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