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Abstract: A large fraction of the isonitrile-nitrile rearrangement of t-alkyl 

isonitriles in solution follows a free radical chain mechanism of the 

addition-elimination type. 

The isonitrile-nitrile rearrangement 2) of simple alkyl isonitriles is con- 

sidered to be a typical example for an exothermic 3) irreversible intramole- 

cular thermal rearrangement via a cyclic transition state. 

s * 
R-NC - 

[ 1 NQC - NrC-R (I) 

This conclusion was drawn mainly from gas phase kinetics 2,4) , from quantum 

chemical calculation 5) and from the observed high percentage of retention of 

optical activity when optically active 2-butyl isonitrile 6) was rearranged 

in the gas phase. When this type of rearrangement was performed in the liquid 
7) phase , retention or racemisation of the migrating group was found as a 

function of concentration 7b) and structure 7b). In addition, unexpected low 

activation entropies between -10 and -39 cal/degr*mol were reported for t- 

butyl (L)"'), 1 -adamantyl (z)8’g) and 1-norbornyl isonitrile (4) 9) in so- 

lution kinetics. AS* -9) was in part influenced by the concentration . In some 

cases8"), hydrocarbons RH were found as side products e.g. up to 40 B ada- 

mantane when 2 was isomerized in diqlyme solution 8) . 

Because several publications about free radical additions to isonitriles 

have become known in recent years 1,2b,lO) I we suspected that athiqher isoni- 

trile concentrations a free radical chain mechanism (2) and (3)") was com- 

peting with the synchronous pathway. 

R-NC + R’ ------.. R-N = C-R (2) 

R-N = C-R ______-, R' + NC-R (3) 
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A similar reaction sequence was proposed previously for explaining the pro- 

ducts when di-t-butylperoxide was decomposed in t-butylisonitrile 12) . 

In context with our interest in migration aptitudes of bridgehead groups in 
13) 1.2-rearrangements , we therefore began a quantitative investigation of 

the products and of the kinetics of the rearrangement of the isonitriles 

i - % in n-alkane solution in the presence of free radical inhibitors (see 

table). 

(CH$,C-NC C5H,,-Y-NC ‘H3 BNC &J 

CH3 NC 

1 = 2 = 3 = 

From the first column in the table it is seen, that the yields of nitrile are 

almost quantitative for the isonitriles 2 - f. The lower yield for the L re- 

arrangement, may be due to analytical problems with the more volatile com- 

pounds. Only minor amounts of hydrocarbon RH have been detected (see footnote 

i of the table). The last column of the table shows, that the inhibited re- 

actions occur at a temperatureof 50°C higher than when no inhibitor is pre- 

sent. Therefore the uninhibited reaction must proceed mainly by the free 

radical chain mechanism (2) and (3). AC*(250°C) of the inhibited reaction is 

identical for the isonitriles i - $ , which supports the pyramidal geometry 

of the migrating carbon at the transition state of the concerted process (1) 
2,4) as proposed by theory 5) . The entropies of activation AS*%0 are also in 

agreement with this mechanism. The activation parameters for the rearrange- 

ment of 1 are probably less accurate due to a systematic error in the analy- 

tical procedure. From the data in the table a rate constant k, = 0.59-10 
-5s-1 

is extrapolated for 1 at 200°C which is slower than the gas phase value kl = 

1 34.10-5s-I , of ref. 4d) for this temperature. This discrepancy as well as 

the negative AS* value*) of this reaction may be an indication, that even in 

the more dilute gas phase the radical chain reaction (2) and (3) is a compe- 

ting process. When the rates of isomerisation of 2 and $ in the gas phase 

were measured by differential scanning calorimetry (DSC)14), activation para- 

meters in very close agreement with those in the table were obtained without 
1) adding an inhibitor . 
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Table : Isonitrile - nitrile rearrangement of J - 2 in 0.06 - 0.1 M solutions 

inhibited by 3-cyanopyridine or l.l-diphenylethylene 

% RCN AG*[250°C1 AH* 
* 

n b) T[OCl 

RNC [T°C1 +_ oa) + era) tsoa) ATC) 

[kcal.mol-'I ; 

(r,,2=lh) 
d) 

e.u.1 

le) 75-80f'g) 39.oftg) 43.3 8.1 6 238 = 

(200-250) (0.5) (0.4) (0.7) 210-252 (183jd) 

2h) 83_g3f ,g! i, 39. 2f) 38.7 -1.0 5 240 = 

(210-250) (0.5) (0.3) (0.6) 210-252 - 

3h) lOOf) 39.of) 39.4 0.8 5 236 = 

(240) (1.1) (0.7) (1.5) 210-250 (180)d'k) 

4h) lOOf) 38.Sf) 39.4 1.1 5 234 = 

(235) (0.5) (0.3) (0.6) 210-251 (175Jd) 

a) 

b) 

cl 

d) 

e) 

f) 

9) 

h) 

i) 

k) 

(J = standard deviation; the kinetics were followed by GC analysis of the 

isonitrile concentration. 

number of kinetic runs. 

temperature range of kinetic runs. 

T(T,,~= Ih) for the non inhibited reaction is given in brackets 9) in OC 
_ 

at ca. c = 6 * 10 -‘ mol/l. 

in dodecane. 

inhibitor: l.l-diphenylethylene in c = 0.1 mol/l. 

inhibitor: 3-cyanopyridine in c = 0.16 mol/l. 

in hexadecane. 

in addition 6-7% 2-methyloctane and corresponding 

for co % 6 ’ 10 -4 mol/l. 

Work is in progress to perform an analogous analysis for other isonitriles 

and to test our conclusions by stereochemical tests. It is hoped that this 

analysis will aid in making the isonitrile - nitrile rearrangement more use- 
2) ful for synthetic work . 

alkenes were analyzed. 
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