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ab initio electronic structure computations employing MP2, DFT(B3LYP) and CCSD methods with 6-311++G**, aug-cc-pvdz and aug-
cc-pvtz basis sets have been performed for the equilibrium geometries and transition state involved in the interconversion between
ketenimine (I) and acetonitrile (II). A direct unimolecular 1,3-hydrogen shift pathway for the ketenimine === acetonitrile rearrangement

with the reported experimental value. The proposed tautomerization route was also supported by thermodynamic and natural bond orbital

analyses.
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|
| was proposed. The activation energies of this mechanistic route range between 57.066 and 71.489 kcal/mol. They are in excellent agreement
|

INTRODUCTION

Imines constitute a very important group of highly reactive
compounds and they, therefore, caught the attention of many
researchers'”. As intermediates, they play an important role
in the prebiotic synthesis of purines and proteins*. Their exis-
tence in space is extensively documented™®.

The first member of the imines series is methylenimine,
CH,=NH. It was as early as 1961 when methylenimine was
detected, when methylazide was pyrolyzed in a solid argon
and carbon dioxide matrix’. Subsequently, its microwave® and
photoelectron’ spectra were recorded. By 1973, its existence
in dark interstellar clouds has been reported'’. Methylenimine
has also been subjected to extensive theoretical investiga-
tions'""* so as to explore its peculiar geometry and hence excep-
tional reactivity.

The next member in the imines series is ketenimine,
CH,=C=NH. It is a higher energy (32.03 kcal/mol) tautomer
of acetonitrile, CH;C=N; but a lower energy (16.25 kcal/mol)
tautomer of aminoacetylene, HC=CNH,'. Jacox and Milligan"
observed the infrared spectrum of ketenimine when they
reacted C;H, and NH in solid argon. It took researchers more
than twenty years to be able to observe gas phase ketenimine
when Rodler ef al.'® managed to detect it by microwave spec-
troscopy in the pyrolysis products of 3-hydrosypropionitrile
and 9.10-dihydro-9,10-(iminoethylene)anthracene. Later its
photoelectron spectrum was reported by Kroto et al."’. The
kinetics of the rearrangement of ketenimine to form acetonitrile

is studied both experimentally and theoretically'®". The
thermal rearrangements on the C,Hs;N potential energy
hypersurface has been studied theoretically by Lohr ef al.'®.
Although they monitored the rearrangements of vinyl nitrene,
2H-azirine, methyl isocyanide and acetonitrile through a 1,2
hydrogen shift; they have not been able to locate a direct root
leading to acetonitrile from ketenimine. Doughty et al." using
a shock waves experiment of a mixture of acetonitrile and argon
at temperatures between 1400-1700 K and 12-15 atm pressure
produced ketenimine with an activation energy of 70.251 =
0.692 kcal/mol. The ab initio calculations accompanying this
experiment predicted the ketenimine acetonitrile rate
determining step to be the 1,2-hydrogen shift of the imine
hydrogen producing vinyl nitrene.

In an experimental study we have been able to identify,
among others, both prop-2-ynylideneamine and ketenimine,
in the thermolysis products of iminodiacetonitrile in equimolar
ratios®. As vinyl cyanide and acetonitrile were also present,
which are tautomers of prop-2-ynylideneamine and keteni-
mine, respectively, we have conducted a thorough theoretical
investigations of the two molecules and their tautomers and
isomers. Our investigation of prop-2-ynylideneamine and its
Z- and E-isomers together with its vinyl cyanide tautomer has
been published elsewhere®'. In this manuscript we strive to
understand theoretically and computationally the manifes-
tations of the tautomerization reaction of ketenimine and its
tautomer acetonitrile through a 1,3-proton shift. Particularly,
we contemplate to investigate the molecular structures and
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energies of these tautomers and their accompanying transition
state. We plan also to support our molecular properties findings
by natural bond orbital investigations. We believe that we can
achieve these goals by computing: (1) the optimized geometries
of these tautomers (2) the free energy changes and hence the
equilibrium constants of the tautomerization reaction and (3)
the hyperconjugation energies of the tautomers. These predic-
tions have two functions: firstly, they allow comparisons to be
made between the results obtained from the different theore-
tical levels and secondly, they shed light on the stabilities and
reaction pathways of these tautomers.

COMPUTATIONAL DETAILS

All ab initio molecular orbitals calculations were performed
using the Gaussian09 suite of programs®. The geometries of
ketenimine, CH,=C=NH (I) and acetonitrile, CH;C=N (II) were
fully optimized to minima using the B3LYP functional of the
density functional theory (DFT), second order Mgller-Plesset
perturbation theory (MP2) and coupled-cluster with single and
double excitations (CCSD) with 6-311++G**, aug-cc-pvdz
and aug-cc-pvtz basis sets. The transition state (TS) was
requested by a transition state Berry keyword®, using B3LYP
and MP2 methods with 6-311++G** and aug-cc-pvdz basis
sets. The Intrinsic Reaction Coordinates (IRCs)** were moni-
tored for the transition structures that connect the minima in
the potential energy surfaces. The resulting imaginary frequen-
cies and IRCs of the displacements of the bond lengths and
angles connecting the atoms of interest were envisaged by
GaussView” and Chemcraft® suites of programs.

The delocalization energies and charge distribution of I,
II and transition state were computed by applying Version 3.1
of the Natural Bond Orbital (NBO) program® and utilizing
B3LYP and MP2 methods with 6-311++G**, aug-cc-pvdz and
aug-cc-pvtz basis sets. The NBO donor-acceptor approach was
used to explore the relative stabilities of these molecules.

RESULTS AND DISCUSSION

Molecular structure: Fig. 1 depicts the atom numbering
of ketenimine (I), acetonitrile (II) and the transition state (TS)
together with their optimized bond lengths obtained by using
B3LYP/aug-cc-pvdz level of theory. Ketenimine has a Cs point
group while acetonitrile (II) has Csy symmetry. As is shown in
Table-1, it is apparent that all I and II molecular parameters
computed using all the elected levels of theory are comparable.
Nonetheless, they seem to show slight dependence on the level
of theory used. The MP2 and CCSD methods gave comparable
values with longer bond lengths and smaller angles compared
to those yielded by the B3LYP functional. The 6-311++G**
basis set gave somewhat shorter bond lengths and smaller
angles compared to those from aug-cc-pvdz. Our computa-
tional resources did not allow us to compute these molecular
parameters using the aug-cc-pvtz basis set at the CCSD method
to complete the picture; but generally our observations are in
good agreement with the results obtained by Watts et al.”.
Rodler et al.” have derived an experimental value of 115.4 +
0.6° for HNC angle of ketenimine(I). We managed to reproduce
this value to a greater extent using MP2/aug-cc-pvdz (115.52°%)
and B3LYP/aug-cc-pvdz (115.86°) levels of theory. Our

theoretical estimates of the molecular structure of acetonitrile
(IT) are in excellent agreement with the experimental micro-
wave substitution structure obtained by Kessler et al.”’. The
6-311++G** basis set at all employed levels of theory repro-
duced the C-H bond lengths almost exactly; while the C-C
and CN bond lengths were reproduced to within 0.002A by
B3LYP/aug-cc-pvdz level of theory. The CCSD method with
6-311++G** and aug-cc-pvdz basis sets estimations of the
<HCC angles lie within 0.05-0.1° compared to the experimental
value™.
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Fig. 1. Numbering of atoms for ketenimine (I), the transition state (TS)

and acetonitrile (II), together with their optimized bond lengths
(A) obtained using B3LYP/aug-cc-pvdz level of theory

Our B3LYP/aug-cc-pvtz level of theory has estimated the
experimental dipole moment of ketenimine'® of 1.438 Debye
to within an error of 0.07%; while the CCSD/aug-cc-pvdz
model has reproduced the experimental dipole moment of
acetonitrile®' (3.92 Debye) to within an error of 0.54%.



Vol. 27, No. 8 (2015)

Theoretical and Computational Study of Tautomerization of Ketenimine to Acetonitrile 3093

TABLE-1
OPTIMIZED PARAMETERS [BOND LENGTHS (A) AND BOND ANGLES (°)] AND DIPOLE MOMENTS (u/Debye) of CH,=C=NH (I)
AND CH;C=N (II) USING MP2, B3LYP AND CCSD METHODS WITH 6-311++G** AND aug-cc-pvdz BASIS SETS

Method Basis Set C1-H2 N5-H6 C1-C5 CN <H2CIC5 <CIC5N6 tH3CIC5H2  wDebye
6-311++G** 1.082 1.021 1.319 1.234 120.15 172.95 88.86 1.838
MP2 aug-cc-pvdz 1.090 1.026 1.331 1.244 120.44 173.17 89.24 1.683
aug-cc-pvtz 1.078 1.018 1.314 1.229 120.44 173.72 89.39 1.639
6-311++G** 1.082 1.020 1.309 1.222 119.19 174.18 89.59 1.594
B3LYP aug-cc-pvdz 1.088 1.023 1.317 1.229 119.41 173.68 89.39 1.467
aug-cc-pvtz 1.080 1.018 1.306 1.219 119.28 174.26 89.52 1.437
CCsSD 6-311++G** 1.083 1.021 1.318 1.233 119.89 173.76 89.14 1.670
aug-cc-pvdz 1.091 1.026 1.330 1.242 120.11 173.98 89.40 1.533
Experimental® 1.438
6-311++G** 1.092 1.092 1.463 1.174 109.89 180.00 120.00 4.301
MP2 aug-cc-pvdz 1.099 1.099 1.471 1.185 109.10 180.00 120.00 4.342
aug-cc-pvtz 1.087 1.087 1.457 1.169 109.02 180.00 120.00 4.294
6-311++G** 1.092 1.092 1.456 1.153 108.75 180.00 120.00 4.054
B3LYP aug-cc-pvdz 1.098 1.098 1.462 1.160 108.89 180.00 120.00 4.054
aug-cc-pvtz 1.089 1.089 1.456 1.149 108.75 180.00 120.00 4.052
CCSD 6-311++G** 1.093 1.093 1.471 1.160 109.18 180.00 120.00 3.888
aug-cc-pvdz 1.101 1.101 1.479 1.171 109.23 180.00 120.00 3.941
Experimental® 1.092 1.092 1.460 1.158 109.13 180.00 120.00 3.92°

*Taken from Ref. 16; "Taken from Ref. 29. “Take from Ref. 30; The first nine lines of data are for I; the second nine lines of data are for II.

Table-2 lists some molecular parameters of I, transition
state and II which were computed by using B3LYP/aug-cc-
pvdz level of theory. The interconversion between ketenimine
(I) and acetonitrile (IT) through the transition state (TS), depicted
in Fig. 2, can be pursued through the following geometrical
parameter changes: (1) Ketenimine CC double bond of 1.317 A
elongated by 0.07 A in transition state and by another 0.75 A
to form a typical CC single bond in acetonitrile. (2) The CN
double bond of 1.229 A in I was shortened by 0.008 A in the
transition state to settle at 1.160 A as a typical CN triple bond
in II (3) The typical sp* HCH angle (about 120°) in both I and
transition state was turned into a typical sp® angle of 108.89°
in IL
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Fig. 2. Intrinsic reaction coordinate (IRC) of the interconversion between
ketenimine (I) and acetonitrile (II) through the transition state (TS)

which were obtained by using B3LYP/aug-cc-pvdz level of theory

Thermodynamic analysis: Table-3 depicted the AE, AH,
AS, AG and K values of the tautomerization between ketenimine
() and acetonitrile (IT) which were estimated by using MP2,
B3LYP and CCSD methods with 6-311++G**, aug-cc-pvdz
and aug-cc-pvtz basis sets. With respect to the modeled levels
of theory, the magnitude of these thermodynamic functions
follows, more or less, the order MP2 > CCSD > B3LYP for
the theoretical methods and 6-311++G** > aug-cc-pvdz > aug-
cc-pvtz for the bases sets. It is evident that II is favoured over
I and with huge total energy differences ranging from 91.295
to 134.875 kJ/mol at 298.15 K depending on the level of theory
used; in excellent agreement with those estimated by Doughty
etal.”. The free energy changes (AG) at 298.15 K are extremely
dominated by AH with little contribution from AS. It is note-
worthy that the negative values of AS denote the preference of
IT at all temperatures. The K values are sensitive to the values
of AG i.e. a change of about 5 kJ/mol at 298.15 K produces a
tenfold value of K. The extremely huge equilibrium concen-
trations of II compared to those of [ at 298.15 K are manifested
by the exceedingly large K values. That is, the concentration
of II could safely be considered constant at equilibrium. These
results are in excellent agreement with experimental and theo-
retical studies'™".

Activation energies: Table-4 enumerated the zero-point
electronic and activation energies of the tautomerization of
ketenimine (I) and acetonitrile (I) through the transition state
(TS) which were estimated by applying MP2, B3LYP and
CCSD methods with 6-311++G** and aug-cc-pvdz basis sets.
The potential energy profile for this tautomerization using

TABLE-2
SOME OPTIMIZED PARAMETERS [BOND LENGTHS (A) AND BOND ANGLES (°)] OF KETENIMINE, CH,=C=NH (I), TRANSITION
STATE (TS) AND ACETONITRILE, CH,C=N (II) WHICH WERE CALCULATED BY USING B3LYP/aug-cc-pvdz LEVEL OF THEORY

Parameter C-H C-C C=N NH <HCH <CCN <CNH
1 1.088 1.317 1.229 1.023 119.41 173.68 115.86
TS 1.086 1.387 1.221 1.579 120.93 176.86 47.46

11 1.098 1.462 1.160 - 108.89 180.00 -
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TABLE-3
RHF, MP2, B3LYP AND CCSD METHODS AT 6-311++G**, aug-cc-pvdz AND aug-cc-pvtz BASIS SETS
ZERO-POINT REACTION ENERGIES, ENTHALPIES, ENTROPIES, FREE ENERGIES AND
EQUILIBRIUM CONSTANTS FOR EQUILIBRIUM CH,=C=NH == CH;C=N AT 298.15 K
Method Basis set AE (kJ/mol) AH (kJ/mol) AS (J/mol K) AG (kJ/mol) K

6-311++G** -129.516 -129.428 -6.946 -127.357 2.057 x 10*

RHF aug-cc-pvdz -125.022 -124.913 -6.846 -122.872 3.369 x 10*

aug-cc-pvtz -124.905 -124.805 -6.862 -122.759 3.218 x 10*

6-311++G** -134.875 -134.926 -7.355 -132.733 1.800 x 10%

MP2 aug-cc-pvdz -130.286 -130.260 -6.986 -128.177 2.864 x 10*

aug-cc-pvtz -124.466 -124.445 -6.990 -122.361 2.742 x 10*'

6-311++G** -95.751 -95.768 -7.342 -93.579 2.483 x 10"

B3LYP aug-cc-pvdz -91.295 -91.274 -7.114 -89.153 4.167 x 10"

aug-cc-pvtz -92.000 -91.994 -7.258 -89.830 5.475 x 10"

CCSD 6-311++G** -126.862 -126.876 -7.325 -124.692 7.020 x 10*'

aug-cc-pvdz -121.938 -121.901 -7.060 -119.796 9.741 x 10?
TABLE-4

ZERO-POINT ELECTRONIC ENERGIES (a.u.) AND ACTIVATION ENERGIES (kcal/mol) OF THE TAUTOMERIZATION OF
KETENIMINE (CH,=C=NH) (I) TO FORM ACETONITRILE (CH,C=N) (Il) THROUGH TRANSITION STATE (TS)
USING HF, B3LYP, MP2 AND CCSD METHODS WITH 6-311++G** AND aug-cc-pvdz BASIS SETS

Method Basis Set Transition state 11
6-311++G** -131.865157 -131.733276 -131.914487
HF Activ. Energy 82.757 - 113.712
aug-cc-pvdz -131.848557 -131.718736 -131.896175
Activ. Energy 81.464 — 111.345
6-311++G** -132.714577 -132.609025 -132.751046
B3LYP Activ. Energy 66.235 - 89.120
aug-cc-pvdz -132.691298 -132.587467 -132.726071
Activ. Energy 65.155 — 86.975
6-311++G** -132.314398 -132.220442 -132.365769
MP2 Activ. Energy 58.958 - 91.194
aug-cc-pvdz -132.289043 -132.197902 -132.338666
Activ. Energy 57.192 — 88.331
6-311++G** -132.3786207 -132.2646727 -132.4286469
CcCSD? Activ. Energy 71.503 - 102.895
aug-cc-pvdz -132.3550435 -132.2441946 -132.40322228
Activ. Energy 69.559 — 99.791

#single point calculation using B3LYP/aug-cc-pvdz optimized geometry.

B3LYP/aug-cc-pvdz level of theory is depicted in Fig. 2. It is
quite obvious that the B3LYP functional has underestimated
the energy barriers. The computed activation energies range
between 57.066 and 71.489 kcal/mol. Our calculated most
accurate value of 69.608 kcal/mol (~0.92 % error) obtained
from CCSD/aug-cc-pvtz level of theory is in excellent agree-
ment with the experimental value obtained by Doughty et al."
of 70.251+0.692 kcal/mol. However, Doughty et al." have
computed two reaction pathways and energetics for the
tautomerization of ketenimine and acetonitrile using MCSCF/
DZP level of theory. For both reaction pathways the rate-
determining step was the formation of vinyl nitrene through
an activation barrier of 75 kcal/mol which is about 5 kcal/mol
(~7.1 % error) higher than their experimental value'. In the
first track, vinyl nitrene rearranged to 2H-azirine that gave
acetonitrile through methyl isocyanide. In the second route,
vinyl nitrene was reordered directly to acetonitrile through
1,2 H migration. In our calculated route, ketenimine (I) re-
arranged directly to acetonitrile (II) through 1,3 proton
transfer’>* and in conformity with allene propyne
tautomerization®.

Based on the above and putting in mind that our CCSD/
aug-cc-pvtz activation energy of 69.608 kcal/mol agreed
satisfactorily (error < 1%) with the experimental value' and
that methyl isocyanide has never been detected experimentally
in the pyrolysis of vinyl azide™; presenting a serious missing
link in the 1,2 proton shift pathway proposed by Doughty
et al.”. It is concluded that ketenimine (I) could tautomerize
directly to acetonitrile (I) through a 1,3 proton shift, as this
pathway proved to be a less energy demanding route. That is
why Lohr ef al.'® have searched for in the first place, but they
were unsuccessful in locating it. We visualized this proton
transfer by analyzing the normal mode of the transition state
imaginary frequency of -1357.08 cm™. It is apparent that N5-
H6 bond of I has been displaced greatly along the x- and z-
axes and thereby the detached proton has been moved from
N5 to C1 (Figs. 1 & 3, and Table-4) leading to the formation of
acetonitrile (IT). We therefore conclude that these mechanistic
pathways have established correctly the relationship between
the modeled substrates.

Natural bond orbital (NBO) analysis: Fig. 3 depicted
the natural atomic charges of I, transition state and II which
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were estimated by using B3LYP/aug-cc-pvdz level of theory.
The positive charge of I is dispersed amongst the hydrogen
atoms (2 x 0.253e and 0.395¢) and the middle carbon atom
(0.413e). The future leaving H-atom has +0.395e charge. It is
apparent that its charge has been intensified (+0.503e) in the
transition state and hence being strongly attracted by an
intensely negatively charged (-0.657¢e) rear carbon and not by
the positively charged (+0.027e) middle carbon atom to form
II. This 1,3 proton migration mechanism actually contradicts
that proposed by Doughty et al.'” who computed a 1,2 hydrogen
shift using MCSCF/DZP level of theory. In theirs’ mechanistic
pathway the migrating proton would be attracted by the posi-
tively charged middle carbon atom rather than the rear highly
negatively charged carbon atom. It is obvious that this is natu-
rally unconceivable.

It is known that the natural bond orbital (NBO) theory***’
is quite useful in analyzing hyperconjugative interactions®
applying second order perturbation energies (E()):

E(z) = AEij =(i (Fij)z/AS
where q; is the donor orbital occupancy, Fj is the off-diagonal
elements of the NBO Kohn-Sham Matrix and Ae is the energy
difference between a donor orbital (i) and an acceptor orbital
(j). Table-5 lists the second order perturbation (E ) estimation
of the delocalization energies of I, transition state and IT which
were evaluated by applying B3LYP/aug-cc-pvdz level of
theory. It is known that molecules are stabilized/destabilized
by three competing factors: electrostatic, steric and hypercon-
jugative interactions. The energy analysis performed for I,
transition state and II in the previous section showed unambi-
guously that II is by far more stable than I which, in turn, is
more stable than the transition state. Putting this fact in mind
and having a global look at Table-5 one could come up with the
following comments: (1) There is an inverse relation between
the overall stability of these substrates and their hyperconju-

Fig. 3. Natural bond orbital charge distribution of (a) ketenimine (I); (b)  gative energies. That is, the relative stability of II is brought
acetonitrile (IV) and (c) transition state (TS) which were calculated . - . .
by using B3LYP/aug-cc-pvdz level of theory. The migrating jabout rr.lostly by acquiring minimal e.le.ctrostatlc and steric
hydrogen atom acquired a positive charge (+0.395¢) in I that was interactions; whereas both I and transition state suffer from
intensified (+0.503e) in transition state (TS) and hence migrating huge electrostatic repulsions as a result of the proximity of
to the highly negative (-0.657¢) rear carbon atom the two double bonds (2) The stabilities of I and, to a greater

TABLE-5
SECOND ORDER PERTURBATION (E,,) ESTIMATION OF THE HYPERCONJUGATIVE ENERGIES (kcal/mol)*
OF KETENIMINE CH,=C=NH (I), TRANSITION STATE (TS) AND ACETONITRILE (CH,C=N) (II)
WHICH WERE CALCULATED USING B3LYP/aug-cc-pvdz LEVEL OF THEORY
Interaction 1 Interaction Transition state Interaction 11

Oci-—>0 cans 6.37 Oc11>0 cans 3.16 Oc1m2—>0 csne 4.13
Oci-m =T cans 8.65 Ocim— Tcans 3.22 Ocim— s e 6.67
Oci-i3—>0 cans 6.37 Oc113>0  cans 315 Oc13—>0  csne 4.13
Ocim— T cans 8.65 Ocim— Tcans 3.24 Ocims— Tcs e 5.00
Oci-cs—™ OFcans S48 Ocr.cs—> OFcans 241 Oc1m4—>0F csne 4.13
T ca-c5—0 Nsuns 6.62 Ocan6— OciNs 111.79 Ocrm4— Tcsne 5.00
Ocans— OFcica 4.76 Ocuns— OFcrcs 2.78 Oci-cs—0 csne 3.92
Ons.io— TW¥crca 16.70 0¥ cins— OFcrca 8.02 Ocsne—0cics 343
T c1.cs >0 crcs 8.51 O*c1ns— Ocins 241 Tesne 0 crus 2.01
T c1.ca—0 N6 2.68 G¥*cins— OFcins 4.13 T esne—0 crms 2.01
NNs—>0%c1.ca 9.86 Nns—0% s 7.07 T esne—0  cLm 2.68
Nns— Ty 13.33 Ocins— O cans 2.01 Nye—0c1cs 11.49
Total 97.95 Total 153.44 Total 54.60

“Threshold for printing: 0.5 kcal/mol but considered 0.50 kcal/mol when working the totals.
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extent, that of transition state, originate mostly from delocali-
zation (3) The most influential hyperconjugative stabilizing
interactions of I are the vicinal: Ons-ns—T*c1.ca, NNs—0FClca
and nns—T¥ci.cs interactions which contribute 16.70, 9.86 and
13.33 kJ/mol respectively. Nevertheless, the stability of I is
hampered by the antibonding geminal T*ci.cs—>6%c1.cs (8.51
kJ/mol) and vicinal T0* c1.cs—>G*ns.n6 (2.68 kJ/mol) interactions.
These antibonding interactions (G*CI-N\S%G*CI-C% G¥c1ns—0c1Ns
and 0%*c;.ns—G*c1ns) are even more influential in the case of
the transition state as they contribute 8.02, 2.41 and 4.18 kJ/
mol respectively. As expected they are absent in the most stable
tautomer II (4) The transition state extremely strong donor-
acceptor coupling between the C4-H6 and C1-N5 6-bonds of
111.79 kJ/mol is indicative of the comparative weakness of
the ketenimine N-H 6-bond and hence its involvement in the
1,3 proton shift to form acetonitrile (5) The most effective
delocalization interaction in Il is between the N atom lone pair
and the C1-C5 o-bond of 11.49 kJ/mol. This is called the lone
pair effect™.

Conclusion

We used moderately high levels of theory to reinvestigate
the mechanistic route of the rearrangement of ketenimine to
acetonitrile. Our modeled levels of theory reproduced the
experimental geometrical parameters for acetonitrile with exce-
llent precession. The preference of acetonitrile over ketenimine
was overwhelmingly reassured by all modeled levels of theory
and with total energies ranging between 91.295 to 134.875
kJ/mol at 298.15 K.

Doughty et al." experimental and theoretical study of the
kinetics of rearrangement of ketenimine to acetonitrile was
based on the isoelectronic allene propyne system that
assumed inconclusively, in the first place, a 1,2-hydrogen shift
rate-determining step.'®*****' However, there are other studies
which postulated a 1,3-proton migration for the tautomeri-
zation of allene propyne®*%, Our investigation of the
ketenimine acetontrile system confirmed the latter and
reproduced the experimental activation energy determined by
Doughty et al."” with an error of less than 1 %.

Our proposed 1,3-proton migration rate-determining step
route was supported by geometry and electronic charge changes
of I, transition state and II as well as by NBO analysis.
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