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Relative Reactivities of the Olefinic 
and Cyano Links of Acrylonitrile in the 

Diels-Alder Reaction 
THE Diels-Alder reaction, in which a stable 

six-membered ring is formed by 1,4-addition of an 
unsaturated linkage to a diene, has wide synthetic 
application. The role of the olefinic group as a di
enophile is well known1 • J\fore recently, the addition 
of the cyano group to dienes with the formation of 
pyridinic products has been reported•. Acrylonitrile 
presents an interesting example in which the groups 
(C = C) and (C = N), both dienophilic, are present. 
The present communication reports the results of a 
study on the reactions of acrylonitrile with butadiene. 
The relative reactivity of these two links of acrylo
nitrile in this reaction can be predicted from thermo
dynamic and kinetic considerations. The free energy 
changes at 700° K. for the formation of cyanocyclo
hexene and vinylpyridine are -21 and -14 kcal./mol. 
respectively. These results are qualitative, since the 
data for the cyclic products were estimated by the 
method of group increments3 ; but they show that 
the two reactions are both thermodynamically feasible 
in this temperature-range. The ultimate yields are a 
concern of reaction kinetics. The relative rates of 
these two reactions, assuming the cyclization to be 
t.he rate-controlling step, were calculated from the 
expression : 

using the kinetic data of related high-temperature 
Diels-Alder associations. From a consideration of 
the activation energies of the reactions of acrolein• 
and cyanogen5 respectively with butadiene, a mini
mum value of - 11 ·9 kcal. was obtained for (Ea-Eb), 

The magnitude of (Sa*' -Sb*) for the activated com

plexes was taken as approximately - 1 ·1 e.u. from 
the difference in entropy of 3-cyanocyclohexene and 
2-vinyldihydropyridine. Accordingly, at 400° C. in 
the homogeneous gas phase, it is predicted from these 
data that the formation of cyanocyclohexene is 5,800 
times more rapid than the formation of vinylpyridine. 

The experimental study has shown that in the 
homogeneous reactions at about 400° C., only cyano
cyclohexene is found as product of the addition of 
acrylonitrile to butadiene. This is in aeeord with 
tho analysis above, that is, very little, if any, vinyl
pyridine would be formed. In view of the favourable 
free-energy changes, the reactions were investigated 
in the presence of a catalyst. With chromium 
oxide - aluminium oxide as the catalyst system, 
acrylonitrile reacts by the (C=C) and (C=N) bonds 
as predicted from the thermodynamic considerations. 
Taking yields as a measure of the relative rates of 
reaction, since both groups are competing for the 
diene, the reactivity of the (C=C) group is fifteen 
1 imes greater than the (C =N) group in the catalysed 
reactions. A summary of the experimental results 
is given in the accompanying table. 

Experimental reaction conditions Yields (mo!. per cent) 

--·-
Catalyst Time Temp. Pres?.. Cyano- Vinyl-

(o C.) (atm.) cyclohexene pyridine 

- 14 hr. 160 I 80 -
- 6 sec. 390 1 77 -

4 "{1 Cr:.iOa 
28·0 on alumina. 4 sec. 430 1 l ·8 
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Artefacts produced from 3-lodo-Tyrosine 
and 3 : 5-Di-iodo-Tyrosine by Heating with 

Alkali 
DURING a study1 of the hydrolysis of native hog 

thyroglobulin labelled with iodine-131, by a purified 
protease isolated from hog thyroid glands, fractions 
eluted from paper chromatograms of the enzyme 
fission products were treated with 2N sodium 
hydroxide at 105° for 16 hr. Control aliquots wern 
allowed to stand for the same time at 0°. On applica
tion of n-butanol extracts of the heated and control 
samples to paper and development of the chromato
grams with n-butanol - n-pentanol - ammonia• as sol
vent, unexpected radioactive spots of high R1,• (at 
0 ·52 and O ·68) were observed with the heated samples. 
Since the original eluates were found to contain free 
mono- and di-iodo-tyrosine and thyroxine, the 
action of alkali on purified samples of the iodo
amino-acids was examined. 

Labelled iodo-tyrosines and thyroxine were ob
tained by the micro-iodination method of Lemmon, 
Tarpey and Scott3 from L-tyrosine and 3 : 5-di-iodo
DL-thyronine respectively. The products were 
separated from unreacted iodide and other impuritieR 
by paper chromatography. n-Butanol - n-pentanol -
ammonia was found best for the purification of 
thyroxine, and n-pentanol - propionic acid -- wate1· 
(20: 3 : 10) for mono- and di-iodo-tyrosine, which 
were readily separated in this system from each 
other and from iodide. Incidentally, this acidic 
solvent system may also be used to separate thyroxine, 
which has an Rp value of 0·80 compared with 0·28, 
0 ·51 and O ·04 for mono-iodo-tyrosine, di-iodo
tyrosine and iodide respectively on Whatman No. J 
paper. 

When labelled thyroxine was heated under the 
above conditions and the product extracted into 
butanol, a loss of approximately 10 per cent occurred 
as measured by iodine-131 activity of the extract, 
but no artefacts were detected. In the case of di
iodo-tyrosine, however, there was a four- to eight-fold 
increase in activity of the butanol-soluble fraction 
compared with the corresponding extract obtained 
from a control solution allowed to stand at 0°. 
Moreover, application of the butanol extract of the 
heated sample to paper and development with 
butanol - pentanol - ammonia gave radioactive spots 
at Rp 0·52 and 0·72 corresponding to those detected 
in the hydrolysates from the enzyme fission products. 
(On the same chromatogram, carrier mono- and 
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