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Abstract A computational study of the isomerization
reaction of a series of halodiazirines to halodiazo com-
pounds (cyclic to open-chain RXCN, species) has been
carried out in order to establish the effect of the substituent
groups on the isomerization rates and to obtain computa-
tional evidence of reaction mechanisms. Fluorine and
chlorine were present as the halogen (X) atom, and the
groups R=H, CH3, C2H5, I’l-C3H7, i-C3H7, CyClO-C3H5,
phenyl, OCH; and OH were used. Thermochemical cal-
culations and natural bond orbital analyses were carried out
at the B3LYP/6-314+G(d,p) level of theory. The results
allowed us to discuss a reaction mechanism that proceeds
in two steps: The first is the extrusion of nitrogen and
formation of a carbene through a cyclic transition state that
promotes the simultaneous breaking of the two C-N bonds,
and the second one is described as the rebounding between
the carbene and one of the nitrogen atoms of molecular
nitrogen, both formed in the first step. The enthalpies of
formation of halodiazirines and halodiazoalkanes have
been calculated at the G3 level of theory.
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Introduction

Diazirines are compounds with a three-membered cycle
containing one carbon atom and two double-bonded
nitrogen atoms. They are very unstable on exposure to heat
and light. The diazirines containing halogen atoms, such as
F, Cl or Br, are named halodiazirines, and they are rela-
tively stable and accessible [1] and have been used as
sources of carbenes [2-5].

The isomerization of diazirines to diazoalkanes
(Scheme 1) can occur either thermally or photochemically.
The physical and chemical properties of both types of
compounds, cyclic and open-chain isomers, are very dif-
ferent taking into account their stability on exposure to heat
and light, and their interconversion [1].

It has been experimentally found that diazirines
decompose thermally and photolytically by reactions
exhibiting first-order kinetics, and the products could be:
(1) the respective open-chain isomer (a diazo compound),
(2) a carbene intermediate and molecular nitrogen or (3) a
mixture of (1) and (2). It has been found that the relative
preference for the isomerization process or for the forma-
tion of carbene and molecular nitrogen, and the rate at
which these reactions can occur are related to the type of
substituent in the diazirine [1, 6], but there are experi-
mental problems to directly detect the products forming by
decomposition of the diazirines, precluding the determi-
nation of the ratio of the formation of the carbene inter-
mediate regarding the diazo compound [4].

From the discovery of diazirines, there have been a large
number of studies on the thermal decomposition and pho-
tolysis of diazirines carried out in gas phase and in solution
[4, 7]; however, there is still no clarity on the process by
which it occurs [8, 9]. Stevens et al. [10] studied the
thermal decomposition of 3-chloro-3-methoxydiazirine and
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Scheme 1 Isomerization of diazirines to diazoalkanes

3,3-dimethyldiazirine [11] observing first-order kinetics
producing molecular nitrogen and the corresponding car-
benes and then afterward transforming to more
stable products. Stevens et al. [12] also studied the thermal
decomposition of 3-(3-methyldiazirin-3-yl)propan-1-ol and
3-(3-methyldiazirin-3-yl)propanoic acid. They found that
reactions are unimolecular and the preferential products are
alkenes derived from the corresponding carbenes.

The thermal decomposition of phenylchlorodiazirine,
phenyl-n-butyldiazirine and 2-adamantane-2,3’-[3H]di-
azirine in solution and in the presence of Cg, (in order to
evaluate the quantity of carbene and/or diazo compound
formed in the reaction) was studied by Liu et al. [4]. The
results showed that phenylchlorodiazirine gave only the
carbene, phenyl-n-butyldiazirine gave the diazo interme-
diate, and 2-adamantane-2,3’-[3H]diazirine gave a mixture
of the carbene and the diazo compound. For the aryl-
diazirine p-methoxy-3-phenyl-3-methyldiazirine, the for-
mation of the corresponding diazo compound and carbene
was confirmed [8, 13].

The purpose of this work has been the computational
study of the isomerization reaction of halodiazirines,
RXCN,, to the respective halodiazo compounds. Two
halogen atoms (X=F, Cl) and several substituent groups
(R=H, CH3, C2H5, n-C3H7, i-C3H7, CyClO-C3H5, phenyl,
OCH; and OH) have been introduced for determining the
variation of the activation energy of the reaction and for the
characterization of the transition states proposed for the
reaction.

The reaction was modeled following a mechanism in
two steps shown in Scheme 2 (proposed by Liu et al. [4]):
the first one being the simultaneous breaking of the two C—
N bonds of the diazirine, forming a carbene with the
extrusion of molecular nitrogen, and the second one being
the formation of a bond between the carbene and one of the
N atoms of molecular nitrogen. Liu et al. [4] also proposed
another mechanism for the isomerization of diazirines to

x\ N x\ N x\
/c<| — /c::'|§ — /c: +
R N R N R

X =F,Cl

R

diazomethanes in one step via a non-cyclic transition state
with the breaking of only one of the C-N bonds, but this
transition state is not well described by density functional
theory because of its multiconfigurational character [4].

A computational study of the thermochemistry of
halodiazirines and their isomeric halodiazomethanes has
also been carried out.

Computational details

Calculations were made using the Gaussian 09 computa-
tional package [14]. The geometric parameters of reactants,
transition states and products of the reactions studied were
fully optimized at DFT level with the B3LYP functional
and the 6-31+G(d,p) [15] basis set. Additional calculations
at the M06-2X/6-311G(d,p) and MP2/cc-pVTZ levels for
species with selected substituents were also carried out in
order to validate the results obtained at the B3LYP/6-
314+G(d,p) level. The calculation of the vibrational fre-
quencies allows an evaluation of zero-point vibrational
energies (ZPE) and the kinetic and thermochemical
parameters of the reaction. ZPE values were scaled by the
factor 0.9857 [16]. Thermal corrections to enthalpy and
entropies were evaluated at 298.15 K.

Intrinsic reaction coordinate (IRC) calculations [17]
were performed in order to verify that localized transition
states connect with the corresponding minima stationary
points associated with reactants and products.

The bonding characteristics of reactants, transition states
and products have been investigated using a population
partition technique, the natural bond orbital (NBO) analysis
of Reed and Weinhold [18, 19]. The NBO formalism
provides the values for the atomic natural total charges and
also provides the Wiberg bond indexes [20] used to follow
the progress of the reaction. The NBO analysis has been
performed using the NBO program [21] implemented in
Gaussian 09 computational package [14].

The rate constants have been calculated according to the
classical transition state theory [22, 23] through the
Eyring—Polanyi equation:
K(T) = (KsT /h)e 7 VKT (1)

where Kp, h, R and AGi(T) are Boltzmann’s constant,
Planck’s constant, the universal gas constant and the

Scheme 2 Reaction mechanism in two steps proposed for the isomerization of halodiazirines to halodiazo compounds
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standard-state Gibbs energy of activation, at the absolute
temperature 7, respectively.

Results and discussion
Isomerization of halodiazirines to halodiazoalkanes

The isomerization reactions of a selected set of halodi-
azirines to halodiazo compounds were studied at the
B3LYP/6-31+G(d,p) level of theory, following the mech-
anism shown in Scheme 2. Additional calculations at the
MO06-2X/6-311G(d,p) and MP2/cc-pVTZ levels were car-
ried out for species involving groups R=H, CH3 and OCH3
and X=Cl and F, in order to validate the results obtained at
the B3LYP/6-314+G(d,p) level.

Table 1 shows a comparison of the Gibbs free activation
energies (AG”) obtained for both steps of the reactions
using the different methods of calculation. As it can be
seen, the values calculated with the MP2 method are close
to those calculated with B3LYP, except the value calcu-
lated for the reaction of fluoromethoxydiazirine. The values
calculated with M06-2X are slightly higher than those
obtained with the other methods, but the trend is similar at
the three levels. The reaction profiles are represented in
Fig. 1, in order to appreciate the similar trends.

The optimized geometries of the species involved in the
isomerization reaction of chlorodiazirine to chlorodia-
zomethane are represented in Fig. 2, and the IRC plots
corresponding to the two transition states of the same
reaction are drawn in Fig. 3.

The calculated Gibbs free energies of activation and rate
constants for all the reactions studied in this work are
collected in Table 2. It can be observed, in all cases, the
Gibbs free energies of activation of the first step are higher
than those of the second one and so the first step is the rate-
determining one, except in the cases of compounds with
the substituents hydroxy and methoxy in which the barrier

of the second step is higher than that of the first one. Some
examples of the reaction profiles for the isomerization of
fluoro- and chlorodiazirines are shown in Fig. 4.

As it can be observed, in the case of fluoro- and
chlorodiazirine with substituent R=0OCHj, the carbenes
formed in the first step are very stable compared to the
initial halodiazirines, and the barriers of the second step are
very high, so the formation of the diazo compounds from
the corresponding carbenes is very unlikely. The same
occurs in the case of R=OH. The opposite situation occurs
for chlorodiazirine with R=H. In this case, the barrier of the
second step is lower than that of the first one, the carbene
formed is less stable, and the halodiazomethane is very
stable, being favoring its formation.

Calculated kinetic constants for the first step of the
reactions range from 107° to 107" s™'. They are several
orders of magnitude lower than those reported for the
thermolysis of some diazirines; however, it has to be taken
into account that the experimental conditions were differ-
ent, especially the temperatures. There are values reported
for the kinetic constant of the thermolysis of 3-chloro-3-
aryldiazirines [24, 25] in cyclohexane of ca. 1074 s7 ! at
temperatures higher than 60 °C.

Other values reported in the literature are those for the
thermal decomposition in the gas phase of diazirines with
X=Cl and R=CH3, C,Hs, n-C3H; and i-C5H; [24, 26, 27].
The authors reported values for the entropies of activation
ranged from 3.2 to 3.9 cal mol~! K™, in good agreement
with the values calculated by us, around 2.0 cal mol ™! K~!
(see Table S1 of the Supporting information).

As it can be seen in Table 2, the groups with high
electron-donating capacity such as OH and OCHj; decrease
the Gibbs free energy of activation of the first step of the
reaction, which could be related to the stabilization of the
cyclic carbon of diazirine in the transition state because
this atom loses electronic charge for the simultaneous
breaking of the two C-N bonds. The calculated kinetic
parameters show that both steps of the isomerization

Table 1 Gibbs free energies of
activation for the isomerization

AG” (kJ-mol™!)

reactions of halodiazirines to

B3LYP/6-314+G(d,p)

M06-2X/6-311G(d,p) MP2/cc-pVTZ

halodiazomethanes, with

substituent groups R=H, CH; X R Step 1 Step 2 Step 1 Step 2 Step 1 Step 2
and OCH; and X=Cl and F
F H 116.4 61.0 135.4 69.7 118.1 72.7
Cl 116.5 589 136.1 58.9 117.1 62.0
F CH; 135.5 98.7 153.9 102.0 143.0 101.6
Cl 130.6 90.2 150.4 86.8 136.3 85.1
F OCH; 116.1 203.8 136.8 222.6 131.6 -
Cl 107.0 179.4 127.5 185.9 112.3 179.2

Calculated at the B3LYP/6-31+G(d,p), M06-2X/6-311G(d,p) and MP2/cc-pVTZ levels of theory

a

At this level, the transition state of the second step of the reaction could not be optimized
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Fig. 1 Gibbs free energy profiles for the isomerization reactions from halodiazirines to halodiazoalkanes, with the substituents H (a, b), CH;
(c, d) and OCHj3 (e, f), calculated at the B3LYP/6-314+G(d,p), M06-2X/6-311G(d,p) and MP2/cc-pVTZ levels of theory

Fig. 2 B3LYP/6-31+G(d,p)-
optimized geometries of the
species involved in the
isomerization reaction of
chlorodiazirine to
chlorodiazomethane
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Fig. 3 B3LYP/6-31+G(d,p)-calculated intrinsic reaction coordinate (IRC) plots for the isomerization reaction of chlorodiazirine to

chlorodiazomethane. a step I, b step II

Table 2 B3LYP/6-314-G(d,p)-

calculated kinetic parameters X R AGY (kI mol ™) ki) AG (J mol ™) k2 57

for the i§on.1<?rization reactions F H 116.4 2568 61.0 1.2E2

of halodiazirines to

halodiazomethanes Cl 116.5 24E-8 58.9 3.0E2
F CH; 135.5 1.1IE—11 98.7 3.1E-5
Cl 130.6 82E—11 90.2 9.8E—4
F C,Hs 134.9 14E—11 95.6 1.1IE—4
Cl 130.1 9.9E—11 87.9 2.5E-3
F n-C3H; 133.5 2.6E—11 99.2 2.6E—5
Cl 128.1 22E—10 91.0 7.1E—4
F i-C5H, 143.2 5.0E—13 94.7 1.6E—4
Cl 127.9 2.5E—10 86.6 4.2E-3
F cyclo-C3Hs 140.9 1.3E—12 107.9 7.7E-17
Cl 116.4 2.5E-8 114.6 5.2E-8
F Phenyl 127.5 2.8E—10 113.4 8.4E—8
Cl 1194 7.6E—9 110.3 2.9E-7
F OH 124.6 9.2E—10 197.2 1.8E—22
Cl 115.1 4.3E—08 167.9 24E—-17
F OCHj; 116.1 2.8E—8 203.8 1.2E-23
Cl 107.0 1.1IE-6 179.4 2.3E—19

Subscripts 1 and 2 refer to the steps I and II of the reaction

reactions of chlorodiazirines are in almost all the cases
more rapid than the reactions of the corresponding fluo-
rodiazirines. This fact could be explained by the weak
electron-withdrawing capacity of halogens that destabilize
the transition state, more in the case of fluorine because of
its higher electronegativity.

There are values in the literature [4] for the activation
energy of the rebound reaction between the nitrogen and
the carbene in the thermal decomposition of some
diazirines in the gas phase, the values ranging from 9 to
60 kJ mol™'. The authors conclude that these values
depend solely on the substituent on the ring. Our results
suggest that the rate of the reactions depends on the
capacity of stabilization of carbene by the substituents

groups which can interact with the empty orbital of carbene
through electron delocalization. Strongly activating groups
such as OH and OCHj; have significant effects on the
activation energies, whereas weakly activating groups,
such as alkyl groups, have a lower effect.

NBO calculations have been carried out in order to
obtain the Wiberg bond indexes, B;, and the natural atomic
charges. Moyano et al. [28] defined the parameters dB; =
(BIS — BY) /(B — BR) that gives us the relative variation
of the bond index at the transition state for every bond
involved in the chemical reaction, where R, TS and P refer
to reactant, transition state and product, respectively, and
the percentage of evolution, %EV = 100 3B;, which gives
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Fig. 4 Gibbs free energy profiles, calculated at the B3LYP/6-314-G(d,p) level, for the isomerization reactions from halodiazirines to

halodiazoalkanes, with the substituents H, CH3, phenyl and OCHj;

us an idea of the progress of transformation of any bond
involved in the reaction. Calculated values of the Wiberg
bond indexes corresponding to the bonds that are forming
or breaking in the isomerization reaction from halodi-
azirines to halodiazomethanes are collected in Table 3. The
results corresponding to all of the reactions studied are
shown in Table S3 of the Supporting information. Num-
bering of the atoms involved in the isomerization reaction

Table 3 B3LYP/6-314+G(d,p)-calculated Wiberg bond indexes, B;,
for reactants, R, transition states, TS, and products, P, and percentage
of evolution of the bond, %EV, for the isomerization reactions from
halodiazirines to halodiazoalkanes

Step 1 Step II
C-N, C-N; No-Nj C-N, N,-Nj3
BR 0.996 0.996 1.950 0.000 3.034
1.013 1.013 1.924 0.000 3.034
BS 0.667 0.527 2.437 0.485 2.873
0.704 0.584 2.378 0.546 2.836
BY 0.000 0.000 3.034 1.407 2.300
0.000 0.000 3.034 1.423 2.252
%EV 33.1 47.1 449 345 22.0
30.5 423 41.0 38.4 253

First entry: X=Cl, R=H; and second entry: X=F, R=H

@ Springer

of halodiazirines to halodiazo compounds is shown in
Scheme 3.

The results show that the Wiberg bond indexes calcu-
lated for chloro compounds are slightly higher than those
calculated for fluoro compounds. It is worth noting that in
the transition states, the calculated Wiberg bond indexes
are different for the two C—N bonds, which indicates that
their breaking is not synchronic. This is also observed in
the calculated NBO charges (Table 5), where the values for
both nitrogen atoms in chlorodiazirine are the same,
—0.068, whereas in the transition state, the charges of the
nitrogen atoms are different, —0.030 and 0.001. In the case
of fluorodiazirine, the charge of the nitrogen atoms is
—0.094, and in the transition state, —0.338 and —0.061.

R
/Yy, ,,'

/\

Scheme 3 Numbering of the atoms involved in the isomerization
reaction of halodiazirines to halodiazo compounds
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The percentages of evolution of the bonds are more
advanced for chlorodiazirines in the first step of the iso-
merization reactions, but the behavior is opposite in the
second step, where the percentages of evolution of the
bonds are more advanced for fluorodiazirines. The non-
homogeneous breaking of the two C-N bonds is also
observed in the values of the percentages of evolution of
the bonds, being 33.1 and 47.1 % for the reaction of
chlorodiazirine, and 30.5 and 42.3 % for the reaction of
fluorodiazirine.

Another useful measure [28] of the degree of evolution
of bonding at the transition state along the reaction path is
obtained from the average value, 6B,, = 1/n >_ 0B;, and a
convenient concept to characterize the reaction or reaction
steps is the synchronicity, Sy, which is calculated from the
Wiberg bond indexes. Sy = 1 — A, where A is the asyn-
chronicity of a chemical reaction, calculated as [28]:

1 |3B; — 3By |
A= 2
(2n—2) Z OB,y @)

The values for the degree of evolution of bonding at the
transition state, 6B,,, and the absolute synchronicities, Sy,
calculated for all the reactions studied are collected in
Table 4. dB,, values are generally lower than 0.5, indi-
cating that the transition states are early, nearer to the
reactants than to the products, this behavior being very
different for halodiazirines with OH and OCH; sub-
stituents. In this case, dB,, values are ca. 0.3, indicating
very early character of the transition states of the first step,
but the values are very high for the second step, 0.6 for
chlorodiazirines and ca. 0.9 for fluorodiazirines, indicating
transition states nearer to the products than to the reactants.

Synchronicity values are close to 0.90 for the first step
of the isomerization reactions of chloro- and fluorodi-
azirines with hydrogen or alkyl substituents, whereas

Table 4 B3LYP/6-314G(d,p)-calculated degree of evolution of
bonding at the transition states, dB,y, and synchronicities, Sy, for the
two steps of the isomerization reactions of halodiazirines

R Step I Step 11

X=Cl X=F X=Cl X=F

5Bav Sy 5Bav Sy 5Bav Sy 5Bav Sy

H 042 090 038 09 028 0.78 032 0.79
CH; 041 091 038 091 037 0.84 041 085
C,Hs 042 091 038 091 037 0.84 041 0.86
n-CsHy 042 091 038 090 037 083 041 0.85
i-C3Hy 042 091 038 091 036 085 041 0.86
cyclo-CsHs 039 091 041 090 042 0.87 046 0.87
Phenyl 041 087 039 087 044 091 046 090
OH 030 089 028 086 0.64 092 0.88 0098
OCH; 029 085 027 084 064 093 0.85 097

values lower than 0.90 have been obtained for halodi-
azirines with phenyl, OH and OCHj substituents, indicat-
ing that they are asynchronous processes. The second step
of the reactions has a very different behavior, and the Sy
values are clearly lower than 0.90 for halodiazirines with
alkyl substituents, especially with hydrogen, indicating
very asynchronous processes, but they are higher than 0.90
for phenyl, OH and OCHj;, indicating very synchronous
processes, especially for fluorohydroxydiazirine (Sy =
0.98) and fluoromethoxydiazirine (Sy = 0.97).

In Table 5 are collected the NBO natural atomic charges
for the species involved in the isomerization reactions of
fluoro- and chlorodiazirine. Results for the species
involved in the isomerization reactions of all the halodi-
azirines studied in this work are collected in Table S4 in
the Supporting information. A polarization of the C-X
bond in the transition states with migration of the negative
charge toward the C atom can be observed.

Thermochemistry of halodiazirines
and halodiazoalkanes

The enthalpies of formation in the gas phase of the studied
halodiazirines and halodiazoalkanes have been calculated
at the G3 level of theory using atomization reactions [29],
that is the standard procedure to obtain enthalpies of for-
mation in Gaussian-n theories. The calculated values are
collected in Tables 6 and 7 for fluoro and chloro com-
pounds, respectively.

We have also calculated the enthalpies of formation of
parent compounds, diazirine and diazomethane, the values
being 318.9 and 269.8 kJ mol ™', respectively. For these
molecules, there are experimental values available in the
literature that differ greatly from each other in the case of
diazirine. Laufer and Okabe [30] reported values of 267.1
and 215.0 kJ mol_l, based on a photodissociation method,
and Paulett and Ettinger [31], 332.0 £ 9.6 and
206.0 & 9.6 kJ mol™', from early appearance potential
studies based on electron impact experiments, for the
enthalpies of formation of diazirine and diazomethane,
respectively. Excepting the value for diazomethane mea-
sured by Paulett and Ettinger [31], the other experimental
values are very different from those calculated by us,
especially in the case of diazirine, but it is interesting to
note that the difference in stability between diazirine and
diazomethane calculated by us, 49.1 kJ mol™', is very
similar to that obtained by Laufer and Okabe,
52.1 kJ mol ™. Several authors have calculated the heats of
formation of diazirine and diazomethane through different
methods: Catoire and Swihart [32] have reported values of
318.4 and 310.0 kJ mol_l, for diazirine, and 264.4 and
268.6 kJ mol_l, for diazomethane, obtained at the CBS-Q
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Table 5 B3LYP/6-31+G(d,p)- - -

calculated NBO atomic charges Step x=c =F

for the atoms involved in the C, N, N, X C, N, N, X

reaction center, for reactants

(R), transition states (TS) and 1 R -0.109 -0.068 -0.068 -0.013 0.339 -0.094 -0.094 -0.370

products (), for the . TS 0252  -0.030 0.001 0042 0210 -0338  -0061  -0.338

1somerization reactions o

chlorodiazirine and P -0.176 0.000 0.000 0.032 0.259 0.000 0.000 -0.340

fAuorodiazirine 1 R -0176 0000 0000 0032 0259 0000  0.000 —-0.340
TS -0.270 0.001 0.083 0.006 0.148 -0.021 0.084 -0.359
P -0.282 -0.001 -0.002 0.022 0.190 —-0.064 -0.011 -0.341

Table 6 G3-calculated enthalpies of formation of substituted fluo-
rodiazirines and fluorodiazoalkanes

R AH(2)/kJ mol ™! A/KJ mol™!
N——=N F\
C—N—/—N
C /
/\ R
F R

H 116.8 138.6 -21.8
CH; 64.6 96.6 -32.0
C,H; 432 79.4 -36.2
n-C3Hy 21.5 57.2 -35.7
i-C3H, 13.4 50.1 -36.7
cyclo-C3Hs 176.7 207.2 -30.5
Phenyl 201.6 217.8 -16.2
OH -68.8 -154 =534
OCHj3; -51.5 1.5 -53.0
Table 7 G3-calculated enthalpies of formation of substituted
chlorodiazirines and chlorodiazoalkanes

R AHY(2)/k mol ! A/KJ mol™!

N\:/N Cl \
C——N—/—N
C /
/N w
(¢]] R

H 294.0 277.4 16.6
CH; 245.6 240.9 4.7
C,Hs 222.2 218.8 34
n-C3Hy 200.6 196.3 4.3
i-C3H, 190.9 186.1 4.8
cyclo-C3Hs 353.1 346.3 6.8
Phenyl 380.0 360.8 19.2
OH 116.4 143.1 —26.7
OCHj3; 131.2 158.7 —-27.5

and G2 levels, respectively; Gordon and Kass [33, 34]
reported values at the G2 level of 3109 and
269.0 kJ mol_l, for diazirine and diazomethane,

@ Springer

respectively; and Dixon et al. [35] reported a value of
2732 kI mol™! for the enthalpy of formation of dia-
zomethane, computed using the CCSD(T) method and CBS
extrapolation. All theoretical values are in agreement with
our calculations.

There is another compound with a known enthalpy of
formation, chloromethyldiazirine. In this case, the value
calculated by us, 245.6 kJ mol™', is in very good agree-
ment with the values available in the literature, 243.0 [36]
and 233 = 40 [37] kJ mol .

As it can be observed (see Tables 6, 7), the behavior of
chloro and fluoro compounds is very different. Chlorodi-
azoalkanes are more stable than chlorodiazirines in all
cases, except when the substituent is OH or OCHS3,
strongly activating groups, whereas fluorodiazirines are
ever more stable than the corresponding fluorodi-
azoalkanes.

Conclusions

Calculations at the B3LYP/6-314-G(d,p) level have been
carried out for all the species involved in the thermal iso-
merization reaction of halodiazirines to halodiazo com-
pounds, with substituent groups R=H, CH;, C;Hs, n-C3H5, i-
C;H;, cyclo-C3Hs, phenyl, OH and OCH3;, and halogen X=F
and Cl. The studied mechanism occurs in two steps: the first
one being the simultaneous but not synchronic breaking of the
two C-N bonds in halodiazirines forming a carbene and
molecular nitrogen, and the second one being the rebounding
between the carbene and one of the N atoms of molecular
nitrogen forming the corresponding halodiazoalkane. The
transition states have an early character, nearer to the reac-
tants than to the products of the reactions. Substituent groups
with high electron-donating capacity, such as OH and OCHj,
stabilize the transition state of the first step and so increase the
rate of the reactions.

The G3-calculated enthalpies of formation show that
chlorodiazirines are less stable than chlorodiazoalkanes in
all cases, except when the substituent is OH or OCH3,
strongly activating groups, whereas fluorodiazirines are
ever more stable than the corresponding fluorodiazoalkanes.
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