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Abstract HNDO SCF-IO calculations suggest that the uncatalysed 

rearrangements of 0-acyl imidates (r) to the corresponding imides (2) are 

concerted reactions involving synchronous C-N bond formation and C-O bond 

cleavage. The calculated dipole masent and atomic charges in the transition 

state are consistent with the properties of these reactions in solution. 

The transition states for (1,3] acyl migrations in compounds such as 2 

which have no lone pair of electrons are predicted to have significantly 

different properties. 

Although rearrangements of the type 1 to 2 
1 ,T 

have been extensively studied in solution, 

the mechanism of the uncatalysed reaction 

remains uncertain. Both a stepwise process 

involving either a tetrahedral intermediate or 

a caged radical pair, and a concerted reaction 

via either a [1,3] sigmatropic ecyl shift or - 

nucleophilic substitution on the carbonyl 

group are possible. 

R24+R3 RqR3 
R' /” (11 R” 0 (2) 

In order to distinquish between there 

alternatives,, the potential energy rurfacea 

for these reactions have been investigated 

using the M.DDO semi-empirical SCP-HO 
3 

procedure. This method, whilst computationally 
4 

much faster than ab initio methods, has been -- 

shown to predict the heats of formation of a 

wide variety of compounds with reasonable 
3 

accuracy, and to predict transition state 

structures for - the loss of hydrogen 

halide frw haloalkaner, which are similar to 
5 

those obtained using ab initio theory. -- 

COMPUTAIIOlIAL PIDCKDUPII 

The unpubrtitytTd cfmpounds 

(~.R2=R3=H,R =H,OH; 1, R =R -H,R =H.OH) were 

selected as modele for the reaction and their 

energies and geometries were calculated using 

the rtafdard spin-restricted (REP) DUD0 
method. All geometrical variables were 
optimised with respect to the calculated 

energy u 
s 

ing the Davidon-Fletcher-Powell 

algorithm. The potential-energy surfaces for 
the interconversion of 1 and 2 were obtained 

by evaluating the energy at-several fixed 

values of both the C-O and the C-N bond 

lengths, all other geometrical variables being 

optimired. Location of the saddle points in 

the potential-energy surfaces (e.g. Figures 1 
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and 2) gave estimates of the transition state 

structures, which were further refined by 

minimising the squares of the derivatives of Ihe most 
the ener y with respect to each geometrical 

% 
variable. The resultant stationary points were involved a 

22SULTS AIID DISCUSSIOU 

stable conformations for r and 2 

weak interaction between the lone 

characterised by calcylating the corresponding pair of electrons on the nitrogen or oxygen 
force-constant matrix: These matrices each had 

only one negative eigenvalue and an associated 
atw and the acyl carbon atom (Figures 1 and 

1 
eigenvector which corresponded to the correct 

reaction coordinate (Figures 1 and 2). 

2). Ihe imide (1, R -II) was calculated to be 

16.1 kcal/mol more stable than the iaomeric 
1 1 

imidate (r, R =H), vhereas for 2 -OH, r and 1 

ware calculated to be closer in energy. 
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p = 3.3D 
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Figun 1. Potential onorgy rurfaw for the mnOngwnt of (1 - 2. RL - Ii). &row8 *kdcata tk vvctora 

corroapondlnq to the o~lcubted noctlon coo&inatn. 

C-O 1.85A 

AH- -31.7 kcal/mol 

fi = 2.OD 

(2,R’=OH) 

AH = -34.3 kcal/mol 

jb = 3.OD 

(1 ,R’=OH) 

AH = -30.9 kcal/mol 

AH’ = 45.4 kcal/mol 

A# = +0.BD 

vf f 591 cm-’ 

Figure 2. Potential energy surface for the rewrongement of (1 - 2. R’ = OH). 
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These results are supported by the evidence 
2,g 

available for similar compounds. The 

nature of the potential energy surfaces 

(Figures 1 and 2) suggests that the 

rearrangements are concerted and not stepwise, 

involving essentially synchronous attack by 

the nitrogen lone pair on the carbonyl group 

and cleavage of the C-O bond. l’he four-centred 

cyclic transition states are planar with 

tetrahedral coordination of the acyl carbon 

atom. This role of the lone pair is fully 
1 

consistent with the observation that only the 

I! and not the 2 geometrical isomers 

rearrange. The calculated activation energy 

for RI-OH (45.4 kcal/moll is about 20 kcal/mol 

higher than observed for the rearrangement of 
1 

aryl substituted species in solution. This may 

be due to the simplicity of the model used in 

these calculations, in which solvent effects 

and the role of stabilising substituents (e.g. 
2 3 

R -R =ArX) are neglected, and to the tendency 
5 

of the BIDDO method to overestimate enthalpies 

of activation by up to 30%. The barrier to the 

rearrangement of the 0-acyl imidate (L,R1=U) 

is predicted to be 9.8 kcal/mol lower than 

that of the hydroximic anhydride (~,R’=OH), 

which is supported by the observed relative 

instability of 0-acyl imidates and their very 
1,2 

rapid rearrangement to imides. 

The calculated dipole moment of the 

transition state for the rearrangement of 

(~.R’=OH) is only O.gD greater than that of 

the reactant itself, which is consietent with 
1 

the report that the rates of these reactions 

show a low sensitivity to the polarity of the 

solvent. It has also been observed that 

electron withdrawing substituents can either 
1 2 

decrease (R -0CH ArX, R =ArX) or increase 

(R3=ArXl the ra:e of rearrangement! The 

calculated atomic electron densities show a 

build up of positive charge in the transition 

state at the oxygen atom of R’=OH (by +O.O5e), 
2 

and at the carbon atom bearing R (by +O.l4e), 

which is consistent with the observed 

substituent effects at these positions. The 

acyl carbon atom is also calculated to become 

more positive (by O.lOe), although the change 

in hybridisation and co-ordination at this 

centre makes the interpretation of the atomic 

charges in terms of substituent effects less 

easy. 

The transition state for the degenerate 

rearrangement of 3, which has no 

corresponding lone pair, has quite different 

properties . It was initially located by 

enforcing a plane of symmetry and using the 

standard single configuration REP-IRDO 

procedure. The optimised geometry (e.g. 4, 

Figure 3) is significantly non-planar --’ 

corresponding closely to a [1,3] suprafacial 

sigmatropic shift with “inversion of 

configuration” at the acyl carbon atom. 

Figure 3 Transhon state for !he [I.31 Acyl m~grotm I” (3) 

calculated using the single conf#gurctlon sptn restric!ed method 

The calculated enthalpy of activation (86.5 

kcal/mol) is very much higher than the 

corresponding value (e. 
+ 

45.4 kcal/mol) for 

the reaction of (L, R - OH), which suggests 

that this structure may have significant 

biradical character. Re-opt imisat ion of the 

geometry using a spin-unrestricted version of 
9 

UNDO (UMRDD), which has been shown to give 

reasonable estimates of the geometries of 
10 

biradical-like species, resulted in a 

structure which was planar and significantly 

different from that of 4. The wavefunction - 

corresponded to the biradical 2 and 

inspection of the calculated force-constant 

matrix showed it to be an energy minimum. 

Since use of the UMDDO method leads to 
11 

unreliable estimates of the energy, the 

biradical 2 was also studied using a 

spin-restricted version of UNDO vhich 

includes configuration interaction (CI) 

involving single and double excitations from 

the HOMO to the LUMO. This method predicted a 
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geometry for 2 (Figure 4) which was virtually 

identical to that given by the UMNDO method 
12 

and an energy which was 29 kcallmol lower than 

that found previously for 4 using the single - 

configuration REP-MID0 procedure (Table). 

This difference is sufficiently large to 

suggest that the rearrangement of 2 might 

proceed via a biradical intermediate, and is a - 

stepwise and not a concerted reaction. 

n 0 

Figure 4. Colculoted structure of (5) using the 

Spin_Restricted/3x3 Cl procedure. 

Significantly, when the molecular geometry 

is not re-opt imised , the calculated energy of 

4 is little affected by inclusion of such a 

CI (Table), demonstrating how essential such 

re-optimisation is if misleading results are 

to be avoided. Both the UUNDO and the CI 

methods predict geometries and energies for 1 - 

and the transition states for the 

rearrangements to 2 which are essentially 

identical to those obtained using the single 

configuration REP-UNDO method. This suggests 

that these particular reactions have little 

biradical character and are truly concerted. 

TABLE. Calculated MNDO Energies for 3 - 5 

3 - 5 5 

&fE -20.7 65.8 a4.2i 

AHHp -20.7 56.7! 25.2 

LIHfC -17.8 71.8 37.3 

a Single configuration REP method, 
b UHNDO method. 2 

kcal/ 
3 

01. 

REP/3x3 CI method. - No 

geometry re-optimisation. 
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