STUDY OF CHLORO DERIVATIVES OF PYRIDA-
ZINE AND THE PRODUCTS OF SILYLATION

OF PYRIDAZINE AND 6-PYRIDAZONE DERIVATIVES
BY C135 NUCLEAR QUADRUPOLE RESONANCE
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The structures of a number of chloro derivatives of pyridazine and products of trimethylsilyla-
tion of chloro derivatives of pyridazine and 6-pyridazone were confirmed on the basis of data
from their C1% nuclear quadrupole resonance spectra, and the effect of substituents in the 6
position of the pyridazine ring on the chlorine atom in the 3 position was investigated.

Organosilicon derivatives of nitrogen-containing heterocyclic compounds are currently widely used for
the synthesis of nucleosides. We have suggested that trimethylsilyl derivatives of pyridazines, obtained by
treatment of the corresponding pyridazine and 6-pyridazine derivatives with hexamethyldisilazane in the pres-
ence of a small amount of trimethylchlorosilane, be used for the preparation of pyridazine analogs of nucleo-
sides [1]. In this case the reaction products may be trimethylsilyl derivatives of pyridazine or 6-pyridazone.

One can make a choice between the possible structures of the products of trimethylsilylation on the basis
of data from the nuclear quadrupole resonance (NQR) spectra by comparing them with the spectra of similarly
constructed model compounds. The latter were chloro derivatives of 6-pyridazone [2] and pyridazine (Table 1),
the C1% NQR spectra of which have not been investigated up to now (except for 3,6-dichloro- and 3,4,5,6-tetra-
chloropyridazine [3]).

The NQR frequencies of 3-chloro-6-substituted pyridazines (Table 1) are considerably higher than the
frequencies of the corresponding chlorobenzene derivatives; this is due to the presence in the pyridazine ring
of two electronegative nitrogen atoms. The CI35 NQR frequency of p-substituted chlorobenzene decreases in
conformity with the Hammett substituent (R) constants on passing from R =Cl to R =OCHg and NHy. The p™
values of 3-chloro-6-substituted pyridazines also decrease on passing from R =C1 to R=0CH;. When R =NHj,,
the NQR frequency is somewhat higher than when R =OCHg; this is not in conformity with the 6 constants of
these substituents. This anomaly may be due to a crystal effect.

Inasmuch as each chlorine atom in the 3,6-dichloropyridazine and 4,6-dichloropyrimidine molecules is
in the o position relative to the endocyclic nitrogen atom, one might have expected that the NQR frequencies of
these compounds would prove to be close. However, the NQR spectrum of 3,6-dichloropyridazine is found in a
considerably higher-frequency region than that of 4,6-dichloropyrimidine. If the nitrogen atoms in these com-
pounds affect their NQR frequencies in the same way as in chloro derivatives of pyridine (i.e., the nitrogen
atom in the B position relative to the chlorine atom has the strongest electron-acceptor effect on the chlorine
atom, the electron-acceptor effect of the y-nitrogen atom is somewhat weaker, and the a-nitrogen atom dis-
plays electron-donor properties [4-7]), the nitrogen atoms in the & positions relative to the chlorine atoms of
3,6-dichloropyridazine and 4,6-dichloropyrimidine should lower their NQR frequencies. The nitrogen atoms of
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TABLE 1. .CI3 NQR Frequencies at 77° K (» ™) of Chlorine-Con-
taining Pyridazine Derivatives

Relative in-
No. R R! R® R® v, MHz | tensity of
the signals

1 {a H H | a 36,403
36,013
35,902
2 |a H H | OCH; 35,256
35,236
35,062
MH, 35.266
OSi(CHs)s | 35351
NHSi(CHy)s | 35.250

35,089
34,829
e cl ¢l | H 38,315
38,226
37,863
37627
37.123
36,997
36,749
7 {H c Cl | OSi(CHs)s | 37.972
37.881
36,804
36419
8 | OSi(CHs)s ci Cl | OSi(CHs)s | 37657 1
37,623 1
9 | H NHSi(CHa)s Cl | OSi(CHs); | 35950
10 | H NSi(CHs)s(COCHs) | €1 | OSi(CHg)s | 37.215
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3,6-dichloropyridazine in the o position relative to the chlorine atoms should increase their NQR frequencies
to a greater extent than the nitrogen atoms in the y position relative to the chlorine atoms in 4,6-dichloro-
pyrimidine,

The chlorine atoms in the 4,6-dichloropyrimidine molecule are closer to one another than in the 3,6-di-
chloropyridazine molecule, The drawing together of the chlorine atoms leads to an increase in their NQR fre-
quencies, as is observed, for example, in the case of dichlorobenzenes [8], The difference between the elec-
tron-acceptor effect on the chlorine atoms in these two compounds of the nitrogen atoms in the f and ¥ posi-
tions with respect to the chlorine atoms evidently exceeds the difference between the effect of the chlorine
atoms bonded to the 8 and y-carbon atoms of the corresponding heterocycle, and this is also responsible for
the increase in the NQR frequency of 3,6-dichloropyridazine as compared with 4,6-dichloropyrimidine. Of
course, this conclusion is valid only if the effects on the chlorine atoms of the nitrogen atoms in the o position
relative to them are practically identical in both molecules.

The C13° NQR spectrum of 3,4,5-trichloropyridazine is also found in a higher-frequency region than that
of 4,5,6-trichloropyrimidine, The low-frequency lines in the NQR spectra of these compounds belong to the
chlorine atoms in the o position relative to the nitrogen atoms of the corresponding ring, and the NQR fre-
quency of the low-frequency line in the spectrum of 3,4,5-trichloropyridazine is appreciably higher than the
two low-frequency lines in the spectrum of 4,5,6-trichloropyrimidine (v =35.850 and 36.060 MHz [9]). This
can be explained in the same way as in the preceding case. The high-frequency portion of the spectrum, the
assignment of the lines in which is impossible, belongs to the chlorine atoms in the 4 and 5 positions in 3,4,5-
trichloropyridazine. Their NQR frequencies are close to the C1%® NQR frequency of the chlorine atom in the
5 position in 4,5,6-trichloropyrimidine (v 7' =37.996 MHz [9]).

As in the case of other organic chloro derivatives, the NQR frequency of a given chlorine atom in the
NQR spectra of chloro-substituted pyridazines increases as the number of chlorine atoms in the molecule in-
creases (see, for example, the C1%% NQR spectra of 3,6-dichloro- and 3,4,5-trichloropyridazines, which are
presented in Table 1, and the spectrum of 3,4,5,6-tetrachloropyridazine) [31.

The C1% NQR frequencies of the corresponding chloro derivatives of pyridazine (Table 1) and 6-pyrida-
zone [2] differ substantially. Thus, for example, the NQR frequency of 3-chloro-6-pyridazone (v 7' =36.523
MHz [2]) is ~ 1.0 MHz higher than the NQR frequency of 6-methoxy- and 6-amino-3-chloropyridazine and 0,33
MHz higher than the frequencies of 3,6-dichloropyridazine. This provides a possibility, by comparing the NQR
spectra of chloro derivatives of 6-pyridazone and pyridazine with their corresponding trimethylsilylation prod-
ucts, to determine the structure of the latter.
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The formation of a compound corresponding to structure I or II is possible in the silylation of 3-chloro-
6-pyridazone. On the basis of the C1% NQR spectra of 3-chloro-6-substituted pyridazines and 3-chloro-6-
pyridazones it may be assumed that the NQR frequency of 3-chloro-6-trimethylsiloxypyridazine {I) should be
close to 35 MHz and that of 1-trimethylsilyl-3-chloro-6-pyridazone {II) should be close to 36 MHz. The NQR
spectrum of the product of silylation of 3-chloro-6-pyridazone (»7"=35.351 MHz) consequently corresponds to
structure I, '

The CI3® NQR spectrum of the product of silylation of 3-chloro-6-aminopyridazine, which is found at
~ 35 MHz, indicates that this compound is 3-chloro-6-trimethylsilylaminopyridazine (I).

If 1-trimethylsilyl-4,5-dichloro-6-pyridazone [structure II, R =Si(CHy)s, R3=H, R*=R°%=Cl] had been

formed in the silylation of 4,5-dichloro-6-pyridazone, the NQR frequencies of the starting compound and the

reaction product would differ only slightly, inasmuch as the changes in the structures of the starting molecule
" as a result of the reaction would have occurred relatively far away from the indicator chlorine atoms. In actu-
ality, however, the electron density distributions on the chlorine atoms of 4,5-dichloro-6-pyridazone and the
reaction product differ substantially., The NQR spectrum of 4,5-dichloro-6-pyridazone consists of two closely
situated lines (»77=37.435 and 37.220 MHz [2]), whereas the two low-frequency lines in the quadruplet spec-
trum of the reaction product differ substantially from the two high-frequency lines with respect to their fre-
quencies. The low-frequency pair of lines in this spectrum is considerably lower in frequency, whereas the
high-frequency pair of lines is considerably higher in frequency than the lines in the spectrum of 4,5-dichloro-
6-pyridazone. A comparison of the spectra of the starting compound and the reaction product provides evi-
dence that the product of silylation of 4,5-dichloro-6-pyridazone is evidently 4,5-dichloro-6-trimethylsiloxy-
pyridazine (I). :

If it is assumed that as the chlorine atom becomes farther away from the (CHj);SiO grouping in the chloro
derivative of 6-trimethylsiloxypyridazine its NQR frequency changes in the same way as the spectra of com-
pounds of the (CHg)3SiO(CHy),Cl series ,* the high-frequency doublet in the NQR spectrum of 4,5-dichloro-6-
trimethylsiloxypyridazine should be assigned to the chlorine atom in the 5 position, and the low-frequency
doublet should be assigned to the chlorine atom in the 4 position.

The formation of 0,0—, N,N—, or O,N-trimethylsilyl derivatives is possible in the silylation of 3-hy-
droxy-4,5-dichloro-6-pyridazone. The NQR spectrum of the silylation product consists of two very close fre-
quencies ( Ay =0.034 MHz) and lines of identical intensities. This indicates practically complete equivalence
of the chlorine atoms in the molecule and the relatively high symmetry of the molecule. Consequently, the
silylation product is the 0,0- or N,N-trimethylsilyl derivative. It is impossible to make a choice betweenthese
two structures on the basis of the currently available data from the CI®* NQR spectra.

The lack of the corresponding model compounds made it impossible to confirm the structures of com-
pounds 9 and 10 in Table 1, which were established on the basis of their UV, IR, and PMR spectra [1].
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MASS-SPECTROMETRIC STUDY OF 2- AND 4-
THIOBARBITURIC ACID DERIVATIVES

V. G. Voronin, S. B. Goncharenko, UDC 547.854.5'718:543.51 : 541.61.63
A. I, Ermakov, and Yu. N. Portnov

The mass spectra of 2- and 4-thiobarbituric acids and some of their close analogs at ionizing

voltages of 70 and 14 eV are compared. Qualitative and quantitative differences in the behavior

of these compounds under the influence of electron impact were established. It is shown that the
position of the thione group in the ring and the tautomeric transformations have a substantial ef-

fect on the character of the fragmentation of the investigated compounds. The established frag-
mentation principles make it possible to distinguish the structural isomers in a series of 2- and
4-thiobarbituric acids from their mass spectra.

The mass spectra of barbituric acid derivatives have been studied by many investigators [1-7]. However,
the peculiarities of the behavior of compounds of this class under the influence of electron impact have not been
completely evaluated, inasmuch as the high-resolution spectra, the spectra at low ionizing-electron energies,
and model analogs with isotopic and chemical labels have not been studied systematically in the early papers
[1-3] and the later papers [6, 7I. )

In the present paper we present a comparison of the mass spectra of 2- and 4-thiobarbituric acids (I-X)
and their close analogs (XI, XII) with the application of deuterium labeling, metastable ions, and data from high-
resolution mass spectrometry and mass spectrometry with low-energy electrons. The mass spectra of 4-thio-
barbituric acid derivatives I-VII were obtained for the first time. It should be noted that the spectra of VIII and
X-XII also have practically. not been discussed previously [1].
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I Ri=Ry=H; Ry=CsHs; 1I Ri=Re=D; Ry=CoH; 11l Ri=Ry=H; Ry=CsHy; IV Ri=Rp=H:
Ro= RS CH; V=Ri=H; Re=CHy; Ro=Csy; VI Ri=CHy, Ry=H; Ry=CiHy; VII Ry=
=Ry=H; Ry=C¢Hs; VIII Ri=Rp=H; Ry=C;Hs; IX Ri=Re=D; Rys=CH;; X Ri=R.=H;
Ry= G787 SCH; X1 Ri=Ry=H; Ra=CHls: X1 Ri=CoHl—CO; Ro=Hs Ro=Colls

The behavior under electron impact of structural isomers I, VIII and IV, X can be compared with respect
to the W* values and the relative intensities of the peaks of the characteristic fragments., The differences in
the fragmentation under electron impact of I, VIII and IV, X are manifested primarily in the Wy values. We
found that the Wy value for I is 5 at 70 eV and increases to 35 as the ionizing voltage is loweredto 14 eV. In
the case of VIII this parameter under the same conditions is characterized by higher values of, respectively,

* The 'WM value is the relative stability of the molecule with respect to electron impact and is equal to I[M+-]/
=I; [M+-] is the intensity of the molecular ion peak, and ZI is the total ion current,
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