
Indian Journal of Chemistry
Vol. 30A. April 1991. pp. 3()X-312

Methyl nitrene: Thermochemistry and kinetics of its rearrangement
to methyleneimine
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The thermal unimolecular isomerisation of methylnitrene to methyleneimine has been studied, and
the macroscopic thermodynamic and kinetic properties have been calculated using the vibrational fre-
quencies and rotational constants evaluated theoretically. The high pressure rate constants have been
calculated and the fall-off behaviour has been studied using the calculated reactant and transition state
properties. Kinetic isotope effects on the reaction have also been studied. The effects of fluorine substitu-
tion on the thermochemical and kinetic parameters have also been investigated.

In our previous paper! on the isomerisation reaction
of methyl nitrene, we had reported our calculations
on the ground state potential energy surface for the
reaction, and also reported the singlet and triplet
state structures for the reactants, transition states
and products, and the effect of fluorine as a substitu-
ent. In this paper, calculations of partition functions
and thermodynamic properties derivable from the
potential energy surfaces are presented.

Method of Calculation
We have used the optimized reactant, transition

state and product structures from our earlier work!
for all our calculations. The vibrational frequencies,
calculated previously for confirming the transition
state structures reported in our previous paper, and
the calculated rotational constants were used in the
calculation of partition functions and thermody-
namic properties".

In these calculations, we have neglected the ef-
fects of rotation-vibration coupling, anharmonicity
and centrifugal distortion. Since the molecules con-
sidered are rigid, no internal rotation has been con-
sidered.

The quantum statistical Rice-Ramsperger-
Kassel-Marcus (RRKM) theory ':" was used to cal-
culate the high pressure rate constants (k "') and the
fall-off behaviour was also studied. Forst's approxi-
mation to k(E) (see Eq. 1) was used in the calcul-
ations

( )
aG*(E-Eo)k E = - ----'--------'-
h N(E)

... (1)

where a IS the reaction path degeneracy,
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G *(E - Eo) is the integrated density of states for the
transition state at energy E - Eo (E 0 is the activation
energy for the reaction) and N(E) is the density of
states for the reactant. Both G*(E - Eo) and N(E)
were calculated by the method of steepest descents".
Hence k ; is given by Eq. (2)

kTQ*
k ; = a - - exp( - Eo/RT)

h Q .... (2)

where Q* and Q are, respectively, the partmon
functions for the transition state and reactant.

The unimolecular rate constant, kUni is given by"
'Eq. (3)

1 foo k(E)N(E)
kUni = Q 1+ k(E)/AZp exp( - E/RT)dE

Ell

... (3)

Simpson's rule was used for the integration, with
integration steps of 0.25 kcallmol. The collisional
deactivation efficiency (A) was taken as 1, and Z, the
collision frequency was calculated using a collision
diameter of 4 A.

The deuterium kinetic isotope effects on the reac-
tions were also investigated. All calculations were
carried out at various temperatures upto 298.15 K.
Similar calculations were performed for the fluorine
substituted compounds.

Results and Discussion
The calculated thermodynamic properties at 1 at-

mosphere pressure and 298.15 K for the singlet
state stationary points of the three systems, viz.
CH3N, CH2FN and CHF2N, are given in Table 1.
For the systems CH,N, CH2FN and CHF2N, the en-



KAKKAR et al: KINETICS OF REARRANGEMENT OF METHYL NITRENE TO METHYLENEIMINE

Table 1 - Calculated thermodynamic properties at I atrnos- Table 2 - Calculated thermodynamic properties at I atmos-
phere pressure and 298.15 K for singlet states of CH3N, CH2FN phere pressure and 298.15 K for triplet states of CH3N, CH2FN

andCHF2N andCHF2N

System Partition Absolute System Partition Absolute
function (0) entropy(S) function (0) entropy (S)

x 10 -.17 (cal K - I mol- I) x 10 - 37 (cal K - I mol- ')

CH,N CH3N

Reactant 0.7085 68.06 Reactant 0.2424 65.87

Transition State 0.6281 67.73 Transition State 0.2118 67.89

Product 0.5225 67.34 Product 0.6260 68.02

CH2FN CH2FN

Reactant 7.074 73.05 Reactant 7.849 73.22

Transition State 6.521 72.67 Transition State 7.127 72.99

Product 5.920 72.54 Product 7.631 73.66

CHF2N CHF2N

Reactant 41.27 77.20 Reactant 40.51 77.04

Transition State 38.72 76.78 Transition State 46.00 77.68

Product 40.45 77.17 Product 50.40 78.24

tropies of reaction have small negative values
(- 0.72, - 0.51 and - 0.03 cal K -I mol-I, respect-
ively) and the activation entropies are also small and
negative ( - 0.33, - 0.38 and - 0.42 cal K - 1 mol-I)
respectively. This is to be expected as, the reactions
being highly exothermic, the transition states resem-
ble the reactants (according to Hammond's postul-
ate") and have similar vibrational frequencies. The
only difference is that, in the transition state, one vi-
brational frequency for motion along the reaction
coordinate becomes translational, and hence the vi-
brational contribution to the entropy decreases. The
imaginary frequencies are 830, 838 and 802 cm - 1,

respectively, for the transition states corresponding
to the three reactions, and Otis accounts for a de-
crease of approximately 0.20 cal K - I mol- 1 in the
vibrational contribution to the entropy.

The small negative entropies of reaction can also
be explained on the basis that, in the product imines,
the C - N bond has double bond character and this
leads to an increase in the VCN mode, which in turn
decreases its contribution to the vibrational entropy.
In addition, the product is planar and has a lower ro-
tational entropy.

In Table 2 are presented the thermodynamic pro-
perties for the triplet states. Here the situation is
very different. For CH3N, both the entropies of
reaction and the activation entropy are larger (2.15
and 2.02 cal K - I mol- I, respectively). In this case,
the increase is mainly due to an increase in the rota-
tional contribution to the entropy. The reactant
molecule has C3v symmetry, and hence a symmetry
factor of 3, which reduces its entropy.

Secondly, in contrast to singlet imines, triplet im-
ines have nonplanar Cs geometries 1• This suggests
that they may have biradical character. An investi-
gation of the highest occupied molecular orbitals in
triplet CH2NH indicates that the 3ANstate has a sing-
ly occupied a" orbital mainly (86-4%) on nitrogen,
and a singly occupied a' orbital mainly (85.3%) on
carbon. This biradical character accounts for the
longer C - N bonds in triplet imines as compared to
those in singlet imines, and the nonplanar CH2 group
in triplet imines. Both these factors lead to an in-
crease in the entropy, and hence the entropy of
reaction is positive.

Similarly, the transition states have biradical char-
acter with one electron localized on the nitrogen
(89%), and the other electron shared equally by car-
bon and nitrogen. Hence, these reactions have loose
biradical transition states, which account for the low
vibrational frequencies in the transition states. Con-
sequently, the vibrational contribution to the en-
tropy is increased, leading to a positive entropy of
activation.

For fluorine substituted compounds, too, the situ-
ation is similar. The only difference is that, in these
cases, the reactants also have C, geometry, and
there is no contribution from the symmetry factor.
Hence, although the entropies of reaction are again
positive, the magnitudes are small.

We have performed RRKM calculations on the
reactions. The calculated k <Xl values at various tem-
peratures upto 298. 15K for all the reactions studied
are given in Table 3. It is evident that, at low temper-
atures, e.g. 4 K, the rearrangement does not take
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Table 3 - Calculated high pressure rate constants (k "') at different temperatures (K)
System k", at temp (K)

4 77 100
Singletstate

CH,N 0.0 2.55 x 10 " I.XlxlO
CH,FN 0.0 3.99 x 10 1.39 x 10
CHF:N 0.0 9.74 x 10 2.X5 x 10"

Triplet state

CH,N 0.0 0.0 0.0
CH,FN 0.0 0.0 0.0
CHF,N 0.0 0.0 0.0

200

6.33 X 10"
1.43 X 107

4.56 x 10'

0.0

0.0

0.0

29X.15

1.04 X 10"
1.51 X 10"
1.02 X 10'"

2.22 x 10 :.'
7.45 x 10-:"
2.33 x 10- :.'

Table 4 - Calculated high pressure Arrhenius parameters, A",
and Eoo

System A. x 10 1.\ E~
(s -, i (kcal mol l)

Singlet state

CH,N 2.909 5.7522
CH,FN 1.940 5.31 XO
CHF:N 0.967 3.6932

Triplet state

CH,N 9.H24 52.375
CH:FN 2.014 48.737
CHF:N IA2X 49.086

Table 5 - Calculated log(p,:} values for singlet rearrangements
at various temperatures (K)

System log p 1/2 ( torr)

77 100 200 298.15

CH,N 3.56 4.26 4.67 5.03
CH:FN 3.93 4.08 4.55 4.89
CHF:N 3.89 4.04 4.50 4.80

place, and even the singlet state of CH3N may be is-
olated. It has been experimentally established that
alkylnitrenes cannot be observed? at 77 K, but are
stable at 4 K (see ref. 8 ).A1so, the rate of reaction in-
creases with fluorine substitution. For the triplet
states, even at 298.15 K, the reaction rate is very
low. Accordingly, we did not calculate fall-off
curves for the triplet reaction.

The high pressure Arrhenius frequency factor,
A<Xland the activation energy, E <Xl,are given in
Table 4. Both A"" and E co decrease with increase in
fluorine substitution, and Ax> factors are typical of
reactions involving rearrangements of carbenes.

The calculated 10g(kun/k<Xl)values were subject-
ed to polynomial fits with respect to log(p) and the
resultant equations solved for PI!}' The calculated
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Fig. I - Structures of methylnitrene and substituted
methylnitrenes.

10g(Pll2/torr.) values for the various systems are re-
ported in Table 5. The transition pressures, 1'112, are
an indication of the pressure below which the unim-
olecular rate constants kUni begin to decline. The da-
ta in Table 5 indicate that the Pl/2 values are all in
the range of 103-105 torr, and, as expected, increase
with temperature. These values are quite high, and is
indicative of the low activation energies of the reac-
tions. There is a slight decrease in Pl/2 with increas-
ing fluorine substitution.



KAKKAR etaL: KINETICS OF REARRANGEMENT OF METHYL NITRENE TO METHYLENEIMINE

We next calculated the deuterium kinetic isotope
effects: Figure 1 shows the various deuterium la-
belled compounds used in our study. The effect on
k ; is given by Eq. (4)

k-« Q*H/QH
kooo = Q*o/Q

o
exp[(Eoo - EoH)/RT] ... (4)

where QH and Q*H are, respectively, the partition
functions of the reactant and transition states of the
unlabelled compound, and QD and Q*Dare those of
the deuterium labelled isotopomers. E IlH and E OD
are, respectively, the zero-point energies of the un-

labelled and labelled isotopomers. Thc calculated
values of k roHI k 00 [) arc greater than unity for isotop-
omers II, III and V of mcthylnitrcne, i.c., the isotop-
omers II, III and V exhibit large normal isotope ef-
fects. However, for the other two isotopomcrs. viz. I
and IV, the ratio is close to unity. This difference in
isotope effects arises from the fact that the former
(II, III and V) exhibit primary isotope effects, while
the latter (I and IV) exhibit only secondary isotope
effects.

Below the transition pressure, the reactions be-
come bimolecular, and the low pressure limiting ra-
tios were calculated from the formula (5 )
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Fig. 2-Isotopic rate ratios for the deuterium labelled isotopomers ofCHJN.
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Fig. 4-lsotopic rate ratios for the deuterium labelled isotopomers of CHF2N.

(kl>im)H= Q*H'/QH ex [(E - E )/RT] (5)
(khim)D Q*D'/QD p OD OH ...

where Q*'=Q*exp( - Eo/RT)
For the primary isotope effect, the ratio is greater

than unity, but the isotopomers IV and VI exhibit in-
verse isotope effects. The ratios (kunJH/( kunJDfor
methylnitrene are plotted against log(p/torr) in Fig.
2, where the above effects are apparent. The pri-
mary isotope effect is maximum for isotopomer II,
while isotopomers III and V also exhibit large pri-
mary isotope effects. The three curves cross at
log(p/torr) values between 5 and 6. Hence, the ratio
(khim)H/(kbim)O is least for isotopomer II, but the ra-
tio k co HI k OQ 0 is maximum for this isotopomer.

For CH2FN, the curves are given in Fig. 3. Here
isotopomers II and III exhibit primary isotope ef-
fects, while isotopomer IV exhibits only a secondary
isotope effect. For the isotopomers II and III, the
curves are similar to those obtained for isotopomers
II, III and V of methylnitrene, but now there is no
crossing of the two curves. For isotopomer V, there
is a large inverse secondary isotope effect at all pres-
sures [(kunJH/(kunJo "'" 0.45].

The only deuterated CHF2N exhibits a normal
primary isotope effect similar to the first two mole-
cules. The curve is plotted in Fig. 4.

Conclusions
The .hermodynamic parameters involved in the

thermal unimolecular rearrangement of methylni-
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trene show that the activation entropies and entrop-
ies of reaction are small in magnitude and can be ex-
plained satisfactorily on the basis of the calculated
transition state structures.

For the singlet states, based on the deuterium iso-
tope effect, we have been able to predict that the pri-
mary isotope effects are normal, whereas there are
inverse secondary isotope effects on the reactions.

Since it is difficult to experimentally obtain the
low pressure bimolecular rate constants, particular-
ly for reactions involving nitrenes and carbenes, the
theoretical RRKM calculations should be useful for
predicting P1l2 values, etc.
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