ELECTRONIC AND PHOTOELECTRON SPECTRA OF AMINO-1-METHYLNITROPYRAZOLES
AND THEIR QUANTUM-CHEMICAL INTERPRETATION
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The electronic and photoelectron spectra of isomeric vic-aminonitro-1l-methyl-
pyrazoles were interpreted by means of the data from PPP and MNDO quantum-
chemical calculations.

In [1], on the basis of the similarity of the electronic absorption (EA) spectra of
o-nitroaniline and amino-l-methylnitropyrazoles with the vicinal arrangement of the amino
and nitro groups we made a preliminary assignment of the long-wave band in the spectra gof
these compounds to the CTypg,. " 2 band and of the band in the region of 270 nm to the CT¢ 2
band, and we tried to relate the position and intensity of the long-wave band to the characte
istics of the electron density distribution in the pyrazole ring.

In a continuation of the spectral investigations we undertook a quantum-chemical calcula
tion for the molecules of 5-amino-l-methyl-4-, 3-amino-l1-methyl-4-, 4-amino-l-methyl-3-,
and 4-amino-l-methyl-5-nitropyrazoles (I-IV) and also pyrazole (V), l-methylpyrazole (VI),
and 1-methyl-4-nitropyrazole (VII). A planar arrangement of the amino and nitro groups
was adopted for the molecules of (I-IV); this must be assisted by the existence of an intra-
molecular hydrogen bond between these substituents [1, 2].

The charges at the atoms and the bond orders, obtained during calculation of the unsub-
stituted pyrazole molecule with the same parametrization of the N(,) atom as for the nitrogen
atom of the amino group in aniline, agree well with the published data {3, 4]. The use
of the parameters of the nitrogen atom in N-methylaniline [5] for the N(1) atom during calcu-
lation of the (VI) molecule (and its aminonitro derivatives) led, in contrast to compound
(V), to equalization of the C(3)=C(4) and C(,)=C(s) bond orders (Table 1).

The data from the calculation predict the position of the long-wave band in the EA
spectrum of the aminonitropyrazoles (I-IV) satisfactorily (Table 2). The principal contribu-
tion to the electronic transition corresponding to this band comes from the singly excited
configuration &4-, (ci 0.98-0.99, according to the usual numbering of the molecular orbitals
of aminonitropyrazoles, MOg is the HOMO, and MO, is the LUMO). Here there is a large increase
in the 7 charge at the atoms of the nitro group (Aq = —0.692 — 0.733) and an appreciable
decrease at the nitrogen atom of the amino group (Aq = 0.29Q - 0.345) (Table 1), and this
makes it possible to assign the long-wave band to the CTNHzN 2 bands. The prerequisites
for their appearance in the EA spectra of compounds (I-IV) lie in the ground state of the
molecules; in the formation of the HOMO a large contribution comes from the AO of the amino
group with insignificant participation of the AO of the nitro group, and for the LUMO the
contribution from the AO of the nitro group is the largest (Table 3).

For the isomers (I-IV) the calculation gives similar values for the oscillator forces
of the electronic transitions responsible for the CINH, 2 bands (f = 0.258-0.298) (Table
2). At the same time, the intensity of these bands with identical half-width Av,/, in the
EA spectra of 4,5- and 5,4-aminonitropyrazoles (IV) and (I) is 1.5 times higher than in
the spectra of the 3,4 and 4,3 isomers (II) and (IITI). We interpreted this [1] as resulting
from the greater double-bond character of the C(,)~C(s) bond in the molecules of (I) and (IV)
compared with the C(3)—C(.) bond in the aminonitropyrazoles (II) and (III). In view of the
fact that in the molecule of (V), in contrast to the derivative (VI), the calculated 7 orders
of the bonds differ significantly (Table 1) while N-methylation- of substituted pyrazoles
has little effect on the position of the characteristic band in the EA spectra [6], we calcu-
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TABLE 2. Calculated and Experimental Values of the Energy
Characteristics for Compounds (I-VII) (A by the PPP method,
B by the MNDO method)

Calculated data . Experimental data
NG,
2 . . . > N AE .
s | 5 Q Q > u P, |15, | SENR eV c
4 =1 = = = R {e) eV ( &),
a | = 5 o & olev eV
E |3 = = :.?‘ Sz ethanol
g 4
o | = Tel Yo Tel 9 benzengethanol
\% A —_ 10,27 | 10,91 —_— — 19,15 9.88] — —
B — 10,17 9,74 — —_ .
Vi A _— 10,04 10,62 — — 1905¢ 960, — _ —
B — 954 | 977 _ _
viI A 288 | 10,86 | 11,19 — — 19,88110,52] — —_ —
B -_ 10,85 11,16
I g 2,56 ggg }83‘3‘ 378 10290 ]891] 980 366 | 3.76 4,61
—_ 7 R 5910 6400
I*1 A - 9,74 11,22 3,79 {0,329 ( Ak ) (3600)
mjaA 2,59 ggg }8;‘}, 3,63 |0,298 {862 965] 354 | 359 446
B - ! s — - 3800) | (4040
>1 A 2,78 9,64 10,81 3,60 10,234 ( AL ) (3820)
m | a 2,78 | 899 | 11,03 | 3,12 |0,268 (8,60 9,80] 3,15 | 335 444
B 3300) | (3230 ;
ol | — 807 | 1103 | — _ (3300) |(3230) | (5220)
p=45° — 923 | 11,10 —_ —
p=60°] — 945 | 11,14 — _—
I*| A 2,98 9,08 | 11,26 299 |0,225
v A 3,07 g(llg {é,éé 2,97 (0258852} 978 3,04 | 3,16 432
B - » ) — — 3940) | (5210 00
v, A 3,12 9.30 11,34 3,16 0,349 ( L ) (4300)

Is

*Model molecules of the 1H analogs with changed parametriza-
tion for the N¢;) atom.

TABLE 3. Contributions from the Atomic Orbitals to the Molecu-
lar Orbitals Calculated for Compounds (I-VII) by the MNDO Me-

thod
Coefficients at ACs
| Pa1
=1 Mo
g g N N(g) Ca Cio Ces) N N o o
Oa
V[2OMO| 0571 |—0,368 | —0,622 j—0,290 0,260

HOMO! 0225] 0488 [—0,014 |—0,639 |—-0,550 | —
VI[2OMO{—0445{ 0485 | 0560 | 0009|0459 —
HOMO{ 0398 | 02301 |—0,239 | -0,696 [—0,429 | ~—
viijHoMO| 0.260] 0478 |—00161—0,666 |-0446| ~— ; ]
LUMO| 0279 |—0,067 [—0,154 [ 0,266 [-0526 | — 0,489 |—0,385 | —0,388
2OMO |—0/600| 0088 | 0480] 0538-0027] 0,102 |—-0022 |—0,153 | —0,105
Homo| 0,154 |—0.4901—0189 | 0.507 | 0312 |—0.560 | 0014 |~0,102 | —0,138
LUMO| 0195{ 0032{—0.194| 0,i71|—0456| 0,187 | 0,550 |—0,423 | —0,406
{5oMO! 0232] 05101 0026 |—0,653 [—0449 {0,007 | 0018| 0,144 0,163
HOMO!I—0350 | 0435 0256{ 0309 |—0.187 |—0,683| 0,012 |—0,060 | —0,086
LUMO|—0307 | 0106] 0.125{—0234| 0,536 |—-0057 |~0.486| 0373| 0,386
1HgoMO|—0.413 | 0,464 | 0,572 |—0,027 |—0,453 |—0,087 {~0,029 [—0,095 | —0,165
HOMO|—0269 | ~0,288 | 0264 | 0370| 0458 {—0.642| 0013 |—0,051 | —0,077
LUMO|—0.282 | 0437 |—0.284| 0147 | 0,175 |—0,067 |—0.505 ]| 0,391 | 0,418
IV[2OMO| 0353 [—0.509 {—0536 | 0013 | 0517 | 0,001 {—0,011 {—0,139 [ —0,100
HOMO -0,384 {—0,172{ 0316| 0357| 0411 |—0620| 0032|0092} —0,120
|LgMO|~0,270| 0313 | ~0,105 | ~0,3¢7 |-0,235 | 0,166 | 0,523 |~0,408 | 0,411

—

lated the model molecules of aminonitro-1H-pyrazoles by the PPP method in order to establish
the effect of the orders of the C—C bonds on the characteristics of the CINH, 2 bands in
the EA spectra of (I-IV).

The calculated values of the oscillator force for the electronic transition correspond-
ing to the long-wave band for the model compounds agree well with the intensity ratio of
the long-wave bands in the EA spectra of the amino-l-methylnitropyrazoles (Table 2). How-
ever, with the planar arrangement of the substituents the calculation predicts the most
long-wave absorption in 4-amino-3-nitropyrazole, and this contradicts the spectral data
for compound (III) (Table 2).
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Fig. 1. Photoelectron spectra of compounds (I, II, VII).

Fig. 2. Electronic absorption spectra (in ethanol) of com-
pounds (I, II, VII). -

As follows from the results of the calculation for the molecules of compounds (I-IV)
and their nonmethylated analogs, the position of the CTNH2Noz bands [AENH2N02 (ev) 3 1239.8/x
(nm)] is determined by the difference in the energies of the HOMO and LUMO: AENH, 2 =
0.75 (ELUMO — EHOMO) — 1.53 (regression coefficient r = 0.99), and N-methylation does not af-
fect the order of the values for the energies of the HOMO in the isomers (Table 2).

For the experimental determination of the energy of the HOMO, according to Koopman's
theorem [7], it is possible to use the first vertical ionization potentials (IP;), obtained
from the photoelectron (PE) spectra. The PE spectra of the aminonitropyrazoles (I-IV) and
also of compounds (VI) and (VII) were measured for the first time (Fig. 1, Table 2), and
the molecules of these compounds and of pyrazole were calculated by the MNDO method used
for the determination of the ionization potential [8].

The assignment of the ionization potential of the pyrazole was made in [9] by the ab
initio method. The appearance of the first two ionization potentials is due to the ionizatio:
of an electron from the 7-MOs formed in the following way: The HOMO of N(1)N(2)=C(2)C(3)

and the second occupied MO (20MO) of N(,)C(3)C(4)~N(1)C(s). However, the coefficients at
the AOs were not given in [9].

The results from the calculations on the molecule of (V), made by the PPP and MNDO
methods, agree well with the data from the PE spectra and give the same qualitative pattern
for the formation of the HOMO and the 20MO as in [9], indicating a minimal contribution
from the A0 of C(3) to the HOMO. The MNDO method confirms the conclusion in [9] (in contrast
to [10]) that the IP, and IP, of pyrazole are due to the ionization of the n_electrons and
only the third band in the PE spectrum .is due to the ionization of an electron of the N(2)
atom. N-Methylation of pyrazole gives rise to a decrease in the ionization potential, but
the change in IP, (A 0.28) is larger than in IP; (A 0.10 eV), since the contribution from
the AO of N(;) to the 20MO exceeds the contribution from this orbital to the HOMO of pyrazole.

In the PE spectra of amino-l-methylnitropyrazoles (I-IV) IP; and IP, (Table 2).corre-
spond to the ionization of electrons from the 7-MO and are close in value to the analogous
ionization potentials of nitroanilines [11]. The IP, values for compounds (I-IV) decrease
in the order I > II = III > IV, which according to Koopmans' theorem (IP, = EHOMO) makes it
possible to consider that EHOMO = EHOMO(III). However, this is not fulfilled for the energies
of the HOMO obtained by the PPP method for compounds (II) and (III) and their 1H analogs.
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Calculation of the amino-l-methylnitropyrazoles (I-IV) by the MNDO methods (Tables
'1-3) with the planar arrangement of the amino and nitro groups gives the same pattern for
the formation of the HOMO of the isomers as calculation by the PPP method with optimization
of the geometry of the molecules.

A large contribution to the HOMO of the molecules of (I-IV) comes from the m-electron-
donating nitrogen atom of the amino group, during destruction of the conjugation of which
with the m-electron system of the heterocycle there must be an increase in IP; compared
with the value of IP; for the planar molecule. In the series of isomers (I-IV) 4-amino-1-
methyl-3-nitropyrazole (III) has the weakest intramolecular hydrogen bond between the amino
and nitro groups [1]. This is due, according to the data from calculation by the MNDO method,
to the minimal total (o + w)-charge at the .atoms of the amino group (q + 4+0.032) compared
with the other isomers (q = +0.048-0.059). Therefore, compound (III) evidently has the
greatest susceptibility for removal of the steric ortho hindrances through rotation of the
amino group.

Calculation of the molecule of (III) by the MNDO method gives the following values

for the energies of the HOMO for various angles of rotation (¢) of the amino group in rela-
tion to the plane ofthe pyrazole ring [-8.97 (¥= 0°), -9.09 (30°), —9.23 (45°), and -9.44

eV (60°)], whereas the values for the energies of the 20MO and the LUMO, for which the con-
tribution from the AO of the nitrogen in the amino group is close to zero, remain practically
unchanged. With correction of the —EHOMO value for 4-amino-3-nitropyrazole (III) (39.2-9.4
eV) there is satisfactory agreement between the —EHOMO values and the experimental IP,; values
and also [EHOMO — E,goMo| and IP, — IP; in the series of aminonitropyrazoles (I-IV), which

is often considered a test for the adequacy of the experimental and calculated energy charac-
teristics of molecules [12].

The foregoing makes it possible to consider that —EHOMO for the model molecule of 4-
amino-3-nitro-1H-pyrazole must in fact approximate to —EHOMO for 3-amino-4-nitro-1H- pﬁsazole
and amount to approximately 9.5 eV. In this case, by means of the relationship AEgH
0.75 (ELUMO — EHOMO) =~ 1.53 it is possible to determine the position of the CTNH, band
in the EA spectrum of 4-amino-3-nitropyrazole. Calculation shows that with such an approxi-
mation AENH 2 will be equal to 3.32 eV (Amax 373 nm) and coincides with the experimental
data for compound (I11) (Table 2).

Analysis of the PE spectra shows that the IP, values (-E,gMqg) of the aminonitropyrazoles
(I-IV) differ little from the IP, values of the nitropyrazoles (VII) and (VIII). As follows
from the results of calculation of these compounds by the MNDO method, the reasons for such
agreement are the characteristics of the investigated MOs, namely, the participation of
mainly the AO of the pyrazole ring in their formation (Table 3).

The observed relationship in the PE spectra of nitro- and aminonitropyrazoles clearly
gives rise to the agreement of the band in the region of 270 nm in the EA spectrum of the
aminonitropyrazoles with the long-wave CTC -2 band in the spectrum of the nitropyrazoles
(Fig. 2).

The postions of the CTNH NGO, and CTCNO2 bands (AENH NO, and AECNOZ in Table 2) in the
EA spectra of amino-1- methylnltropyrazoles (I-IV) are determlned by the values of (ELuMo +
IP,) and (ELUMO + IP,), respectively, and this indicates a relationship between the EA spec-
tra and PE spectra of these compounds. Since the main contribution to the LUMO comes from
the AOs of the nitro group, competing participation of thlS group él3] evidently arises
in the electronic transitions responsible for the CTNH2 Oz and CTc 02 bands. This conclu-
sion is confirmed by the change in the intensity ratio of these bands in the transition
from the EA spectra of 5,4~ and 4,5-aminonitropyrazoles (I) and (IV) to the spectra of the
isomers (II) and (III).

EXPERIMENTAL

The electronic absorption spectra were.measured on a Specord UV-vis spectrophotometer
for concentrations of 10™* M in benzene and ethanol. The photoelectron spectra were recorded
on a Perkin—Elmer PES-18 spectrophotometer and were calibrated with reference to the 2pl/z,
2ps/, Xe lines at 12.13 and 13.43 eV. The quantum-chemical calculation for the ground and
first excited states of the molecules was made by the PPP method [16] in the variable R
approximation [17] with the additional introduction of optimization of the internuclear
separations in the ground state by the minimum atomization energy using a program which
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realizes the Dewar algorithm [18] and also by the MNDO method [8] with fixed geometry for
the pyrazole ring [19].

The aminonitropyrazoles (I-IV) and the nitropyrazoles (VII, VIII) were synthesized -
by the previously described methods [14, 15].
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