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Nitrobenzenes are a well known class of stable organic
compounds. Nitro-sym-triazines are not known, although other
substituted triazines are very well known. To investigate
the what properties the nitrotriazines might have, should
they be synthesized, we performed molecular orbital
calculations for  nitrotriszine (NTZ), dinitrotriazine
(DNTZ), and trinitrotriazine (TNTZ). Nitrobenzenes with
analogous nitro group substitution were also studied to
provide a check on the calculations. In particular,
nitrobenzene (NB), 1,3-dinitrobenzene (DNB), and 1,3,5-
trinitrobenzene (TNB) were atudied.

Mathods

Molecular orbital calculaticns employing the 3-21G basis set
were performed with the Gaussian 82 program. Geometrical
parameters were optimized within the stated point group to
obtain final energies. Further calculations were also
performed to determine if twisting the nitro groups out of
the plane resulted in higher energies. For the nitrobenzenes
studied, non-planar gecmetries were higher in energy than
planar ones. For the nitrotriazines, a non-planar geometry
was higher in enargy for nitrotriazine, but dinitrotriazine
and trinitrotriazine prefar non-planar structuraes.
Deviations from planarity have 1little effect upon the
calculated energies of <either the nitrobenzenes or
nitrotriazines; therefore, it would not be too surprising if
these compounds turn out to be non-planar in crystals, due
tn packing forces. Additionally, our calculations, which are

based upon planar models, are adequate for the purpose at
hand.

Thermodynamic calculations to obtain heats of formation at
25 C were performed by deriving energy increments for the
Car~H, Ngy, and Cg..=-NO; groups. The energy increment for the
c-ﬁ group was obtafncd as 1/6 the calculated total energy of
benzene plus its heat of formation at 25 C. Next, knowing
the Car-¥ increment, the N and C=NO, increments were
obtained from the calculated qcrota]. onorqiil of pyridine and
nitrobenzene, respectively. These compounds were chosen
because reliable thermodynamic data is available for thenm.
As a result, our calculations exactly reproduce the observed
data for the reference compounds. The final energy
increments obtained are shown in Table I.

Electron distributions and atom-centered multipole
expansions were ocalculated using the programs RHO and
RHODER. These programs assign charge to atoms in a molecule
according to Hirshfeld's 8tockholder recipe. This method
depends on the construction of a promolecule, which is the
superposition of spherically averaged atom densities. Charge
is assigned in the same proportion to the atom in the
molecule as it donates <charge to the promolecule.



Additionally, density deformation maps are formed by

subtracting the promolecule's electron density from that of
the moleculs.

Results

Table II shows tha calculated heats of formation of the
nitrobenzenes and nitrotriazines. Calculated total energies,
HOMO and LUMO energies, and dipole moments are shown in
Table III. It should be noted that the experimental dipole
moment of nitrobenzene has been determined to be 4.0 D,
suggesting that the calculations overestimate the electron
withdrawing ability of the nitro group.

t The calculated heats of formation of the
nitrobenzenes and nitrotriazines show very different
behavior. While the heats for formation of the benzenes
change only slightly with increasing nitro group
substitution, the triazines show a large increase in the
heat of formation with the substitution of each nitro group.
Indeed the first nitro group in benzene lowers the heat of
formation from  that in benzene, while subsequent
rubstitution raises the hea: of formation by 1 and 5 kcal.
Substitution of nitro groups raises the heat of formation of
triazine by 1l1l.1, 16.7, and 21.6 Kkcal. These results show
that substitution of a nitro group in triazine is
thermodynamically destabilizing relative to the substitution
of a nitro group in benzens.

a;;ng;ﬁ}.: The calculated structures for the nitrobenzenes
and nitrotriazines are shown in FPFigures 1-6, while
caloulated structures for bentene, pyridine and triazine are
shown in Figures 7, 8 and 9.

Comparing the nitro grours in the compounds, it is found
that the nitro group geometry remains nearly constant ia the
triagine series and in the benzene series. Comparing
triasines and bensenes, it is consistently found that the C-
N bond is longer and the N-O bonds shorter in the triazines
than in the bensenes. These results are consistent with the
greater contribution in the bentenes of charge-bearing nitro
group resonance structures.

The ring geometries can not be understood in terms of the
gontribution of charge-bearing nitro group resonance
structures. 8Such structures place positive charges on the
ortho and para positions and double bonds between the maeta
and either the para or ortho position, as illustrated below,
Rather, these structures seem better explained by the sigma
withdrawing ability or inductive effect of the nitro group.
This results, in nitrobenzene for example, in bLond lengths
that are shortest nearest the nitro groups and that become
longer with increasing distance from the nitro group.



Likewise, in nitrotriazine the shortest ring bond is nearaest
the nitro group, while the remaining bonds are longer. Here
the effect is not apparent beyond the adjacent bond.

! Calculated Hirshfeld charges are
shown in Table Iv for the nitrobenzenes and in Table V for
the nitrotriazines. In general, these charges illustrate
that the nitro group 1is strongly electron withdrawing.
Increasing nitro group substitution, while withdrawing
greater amounts of charge from the ring, results in lesser
electron populations in each individual nitro group. The
ipso position is always most electron deficient, showing
that sigma withdrawal dominatee at this position over pl
resonance effects, which would place a negative charge on
the ipso carbon.

Charges at the para position are consistent with the
operation of pi withdrawing effects. Thus, of the three ring
positions, the para position is most electron poor, the
ortho is less so, while the meta position is least electron
deficient. It is somewhat unusual that the ortho position
should be less electron deficient that the para position,
because both sigma and pi withdrawing effects are expected
to be stronger at the ortho position.

Figure 10-13 show density deformation maps and electrostatic
potentials calculated for the nitrotriazines and Figures l4-
17 show similar results for nitrobenzenses. The density
deformation maps show precisely what changes in electron
densit occur to produce the indicated electrostatic
potential. Thus, the atom-centered multipole expansions
describe how the molecule differs from a superposition of
spherical neutral atoms; ie, the promolecule. Because the
electrostatic potential is zero outside a spherical neutral
charge distribution, if it is assumed that van der Waals
spheres enclose all the electron donliti of the promolecule,
then it follows that the electrostatic potential of the
promolecule is 3ero at distances greater than a van der
Waals radius. (Actually, van der Waals spheres are found to
enclose only about 99.5% of the promolecule's electronic
charge.)

The electrostatic potentials show that increasing nitro
group has the effect of making the electrostatic associated
with the pi system much more positive. In the triazine
series, the electrostatic potential goes from a maximum
value of about 3% kcal in triazine to greater than 70 kcal
in trinitrotriazine. A similar trend is found in the
benzenes, where a negative potential asscciated with the fi
system in bentene is changed to a +40 kcal potential in
trinitrobentens.

Riscussion



The nitrotriazines and nitrobenzenes are found to differ in
several important respects. The thermodynamic effect of
nitro group substitution differs significantly,
destabilizing the triazine relative to the benzene. The
calculated structures suggest that the pi withdrawing effect
of the nitro group is not the dominant factor in determining

eometries. The sigma withdrawing ability of the nitro group

8 quite strong and provides a better rationalizaiton of the
calculated geometries. Nevertheless, the pl withdrawing
effect is found to rationalize some of the calculated
charges. Taken together the sigma and pl withdrawing nature
of the niltro group results in large changes in the
electrostatic potentials of the triazines. The 1large
positive changes in the potentials associated with the pi
system suggest that nitro group substitution makes the pi
system more reactive toward nucleophiles. Indeeqd,
Miesenheimer complexes of nitro benzenes are well known. The
greater magnitude of the potentials associated with the pi
system of the triazines suggests that the triazines would

likely be more reactive toward nucleophiles than
nitrobenzenes.

A final consideration involves the stability of the
nitrotriazines. It has been proposed that nitro aromatics
and heterocaromatics can undergo decomposition via the nitro-
nitrite rcarrangement. The results of our calculations show
the triazine N to be a stronger electron withdrawer than a
C-H fragment. Thus the nitro-nitrite rearrangement would be
expected to proceed more quickly for the nitrotriazines than
for the nitrobenzenes. Contributions from resonance
structures such as that below would help stabilize the
transition state.

conclusions

Nitrotriazines aro thermodynamically destabilized by nitro
sroups. Compared with nitrobenzenes the nitrotriazines are
expacted to be less stable thermodynamically, more
susceptible to the nitro-nitrite rearrangement, and more
reactive toward nucleophiles.



Table IV. Calculated Hirshfeld charges for nitrobenzenes.

Position Benzene NB DNB TNB

Cl -,0491 0112 .0177 .0241
Cz =-.0491 -.0290 -,0136 .0090
C3 -.0491 -,0398 0177 0241
C4 -.0491 -,0186 -,0028 .0090
CS -,0491 -,0398 -,0298 .0241
CG -,0491 -.0290 -,0028 .0090
Hl 00491

Hz . 0491 . 0648 .0768 .0849
H3 . 0491 . 0594

H4 0491 .0615 0746 . 08459
H5 . 0491 .0594 .0689

Hg . 0491 . 0648 0746 . 0849
N .3000 3013 + 3024
(o] -,2328 -.2240 -,2103
o! -,2328 -,2180 -,2103

Table V. Calculated Hirshfeld charges for nitrotriazines.

CL L LT L Y L L T ¥ T ¥ N T ¥ ¥ L X LY ¥ T L ¥ Y T L L ¥ 3 L T X L T T L T ¥ T L ¥ ¥ J

Position s-Triazine NTZ DNTZ TNTZ
Nl -,2a01l6 -.1747 -,.15%530 =.1340
Cz 1247 ,1840 «1988 2129
N3 -,201¢ -.,1747 -.1832 =.1340
Cy 1247 1466 .1988 .2129
N5 -,4016 -,1770 -,1550 +,1340
Ce 1247 . 1466 1673 .2129
Hz l°77°

Hy .0770 .0909

HG 00770 00909 0103‘

N .2888 .4907 2924
0 -,2107 -,2016 -,165%6

o! =-.23107 -.1935 -.1856



Table |. Derived energy incrememts obtained with the 3-21G basiy ser.
These 1ncrements are derived from tas hnown bests of forma-
tion and calculated energies of benzene, pyridiae, and nitro-
benzene. Jee temt for details. | s.u.w627.9] kcal.

Group Lnergy [ncresent (au)
“ar-H = 38.261 0%
l.' - 34,137 486
C"-NOz =2460.928 138

Table II. Recimated hests of (ormation ia the gas phase at 23° ia
kcal/mol calculaced usimg the energy increments in Table I
sod the results of molecular orbital calculstions. Valuas
for hveunens, pyridine, sad ailrobestens vere used to deter-
sipe the energy iacremests sod thus sre reproduced axactly.
Othervise, the estimated accuracy i{e sbout t 3 kcal.

Compound u,"'(u) obs.
Benrene 19.8 19.0,
Nitrobenzess 6.2 16.27°€
1,)-Dipitredengens 17.2 12.43.9
1,3,5-Triaitrobensene 22.2 6.9,
Pyridine kLW 3.6
Sym-trissine 4.9

Nitre-g-triasine 12,4
1,3-Dinitre=g-trissine .)
1,3,9+Triattco-g-trianine 110.9

e

s "Thermechemistry of Orgasic aad Orgamowetallic Cospeumte,” by J. D.
Cox and G. Pilcher, Academic Press: Nev Yorm; 1970.

® K. Rusame, I. Wadeo Ryll. Ghem §0<. Janga 4. 1708 (1971).

© M. D. Lebedavs, Y. A. Katin, B. Y. Akbmedoss Ryse. J. Phve. Chem.
A3, 1192 (1971).

dn, p. Lebedeva, V. L. Rysdaeaks, . N. Kuanstoovs Rusg. J. Phye. Chem.
63, 54 (1971,

Table II1. Calaulated tonal esergies (im su), Mighest OQeccupied
Melecular Ocbital (NOMO) sad Lewvest Usscaupied Melecular
Orbital (LUMD) emergies (im eV), and dipele semsnis (in
Debye). Ascording te Keepasa's theorem, tha NOMO sad LU0
epargies are equal o e asgative of the icaidatien pe-
eatial and electren affinity, rvespeatrively.

Msleaule Total Raargy R(NOMO) E(LUMO) Dipele
Beazese *339.41948 « 9.1 4.1 0.0
KisTeboasese =419.37002 =10.1 1.1 3.}
Disitrebonsens =433.99744 «11.3 0.3 3.0
Triaiteobonsess «038.17420 12,3 0.4 0.0

“LrLBAing «377.10111 o11.4 1.7 0.0
Laretrianine 419.37038 °11.8 0.3 [ )
Disivrenrisnine «481.63082 «13.4 0.8 (3% )
Triattrotrisning =483. 04307 -13.9 1.4 0.0




Figure 1. Calculsted structure of aitrecg-trississ. Bosd leagths ia
K, angles i3 degress. Symmstry greuwp Cz'.

Figure 1. Caleulatsd otrusture of 1,)edinitre=posrisnine,  Symmatry
group ch.



Figura 3. Calculated strusture of 1,),3-trisitre-g-triasise, Symmstry
group D“.

Pigure 4. Caleulaned strecturs of sitrobonsens.
Sen J. Tretter Tgizshedzes, 8, 13 (19K)
vestigatien.

yametry group C, .
for aa K-ray ll-



Figure §. Calculated surwcture of 1,)-dinitrebensens. 3Jymmetry group

Cop- J. Tretnar smd C. §. Willisvem, Agey Cryes,. 21, 288
(““) for sa ¥-ray isvestigaties.

126.2

o

r 6. Calaulanad samuature of 1,),3°urinitrebongens. Symmtry
e . Dy oo C. 8. Chai and J. E. Adel, AfNg Soysn, M.
at X

oF 0 asutien POWer iavestigriien,



1.385

5 1.072 o

Figure 7. Calculated structuce of benless. Symmatry group D“. Ix-
perimentally, the C-C bead i0 1.292 R,

g 1-070 q

Figure §. Colewlated strusture of pyridias. Symmetry grewp C,_. Bee
B. Bek, L. Namsen-Wypased, sad J. Listrup-Andarsen
fastarnes, 3. Y1 (1930) (or sa axperimsatal strueturs.

|
' ; 1.067
)] amw i
123.6 116.4

Figure 9. Caleuloted strvenure of getrisgice. fSymmetry growp D“‘



Figure Captions

Figure 10. Density deformation mafl (left) and electrostatic
potentials (right) for sym-triazine in the molacular plane
(upper) and in the perpendicular symmetry plane (lower).
Atoms in the illustrated plane are indicated with a dark
circle. Atoms projected into the illustrated plane are
indicated with a +. Positive values are represented by the
solid contours, negative values are represented by dashed
countours, and zero as a values is represented by the
combination dot-dot-dash contour. Regions within .2 A of the
atoms in <the DDM's is Dblanked to highlight the atom
positions. Regions within a van der Waals radius of an atom
are blanked in the electrostatic potential maps because the
atom-centered multipole expansions are invalid there.

Figure 1l1. Density deformation maps (left) and elextrostatin
potentials (right) for nitrotriazine in the molecular plane

(upper) and in the perpendicular symmetry plane (lower). See
Figure 10 for details.

Figure 12. Density Jdeformation maps (left) and elextrostatic
potentials (right) for dinitrotriazine in the molecular
plane (upper) and in the perpendicular symmetry plane
(lower). See Figure 10 for details,.

Figure 13. Density deformation maps (left) and alextrostatic
potentials (right} for <trinitrotriazine in the molecular
plane (upper) and in the perpendicular symmetry plane
(lower). See Figure 10 for details.

Figure 14. Density deformation maps (left) and elextrostatic
potentials (right) for bentene in the molecular plane
(upper) and in the perpendicular symmetry plane (lower). See
Figure 10 for details.

Figure 15. Density deformation maps (left) and elextrostatic
potentials (right) for nitrobenzene in the molecular plane
(upper) and in the perpendicular symmetry plane (lower). See
Figure 10 for details.

Figure 16. Density deformation maps (left) and elextrostatic
potentials (right) for 1,3-dinitrobenzene in the molecular
plane (upper) and in the perpendicular symmetry plane
(lower). See Figure 10 for details.

Figure 17 Density deformation maps (left) and elextrostatic
potentials (right) for 1,3,85-trinitrobenzene in the
molecular plane (upper) and in the perpendicular symmetry
plane (lower). See Figure 10 for details.
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Figure 17
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