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The s t r u c t u r e s  of a number  of chloro de r iva t ives  of pyr idazine  and products  o f  t r i m e t h y l s i l y l a -  
tion of chloro der iva t ives  of pyr idazine and 6-pyr idazone  were  conf i rmed on the bas i s  of data  
f r o m  their  C135 nuclear  quadrupole r e sonance  spec t r a ,  and the effect  of subst i tuents  in the 6 
posit ion of the pyr idazine  r ing  on t h e  chlorine a tom in the 3 posit ion was investigated.  

Organosi l icon der iva t ives  of n i t rogen-conta in ing he te rocyc l i c  compounds a r e  cur ren t ly  widely used for 
the synthes is  of nucleosides .  We have suggested that  t r ime thy l s i ly l  de r iva t ives  of pyr idaz ines ,  obtained by 
t r e a t m e n t  of the cor responding  pyr idazine  and 6-pyr idaz ine  der iva t ives  with hexamethyld is i lazane  in the p r e s -  
ence of a smal l  amount of t r imethy lch lorosUane ,  be used for  the p repara t ion  of pyr idazine  analogs of nucleo-  
s ides  [1]. In this case  the reac t ion  products  may  be t r ime thy l s i l y l  de r iva t ives  of pyr idazine or 6-pyr idazone.  

One can make  a choice between the poss ib le  s t r u c t u r e s  of the products  of t r imethy ls i ly la t ion  on the bas i s  
of data f r o m  the nuclear  quadrupole r e sonance  (NQR) spec t r a  by compar ing  them with the spec t r a  of s i m i l a r l y  
cons t ruc ted  model  compounds.  The la t ter  were  chloro de r iva t ives  of 6-pyr idazone  [2] and pyr idazine (Table 1}~ 
the C13~ NQR s p e c t r a  of which have not been invest igated up to now (except for 3 ,6 -d ich loro-  and 3 ,4 ,5 ,6 - t e t r a -  
ch loropyr  idazine [3]). 

The NQR frequencies  of 3 -ch lo ro -6 - subs t i t u t ed  pyr idazines  (Table 1) a r e  cons iderably  higher  than the 
f requencies  of the cor responding  chlorobenzene der iva t ives ;  this  is due to the p re sence  in the pyr idazine r ing  
of two e lec t ronega t ive  ni t rogen a toms .  The C135 NQR frequency of p-subs t i tu ted  chlorobenzene d e c r e a s e s  in 
conformi ty  with the Hammet t  subst i tuent  (R) constants  on pass ing  f r o m  R =C1 to R =OCH 3 and NH 2. The v 77 
values  of 3 -ch lo ro -6 - subs t i t u t ed  pyr idaz ines  a lso  d e c r e a s e  on pass ing  f r o m  R =CI to R =OCH 3. When R =NH~, 
the NQR frequency is somewhat  higher than when R = OCH3; this is not in conformi ty  with the ~ constants  of 
these  subst i tuents .  This anomaly  may  be due to a c rys t a l  effect.  

Inasmuch as each chlor ine a tom in the 3 ,6-d ichloropyr idaz ine  and 4 ,6-d ichloropyr imidine  molecules  is 
in the ~ position r e l a t i ve  to the endocyclic n i t rogen a tom,  one might have expected that the NQR frequencies  of 
these  compounds would prove  to be close.  However ,  the NQR s p e c t r u m  of 3 ,6-d ichloropyr idaz ine  is found in a 
cons iderab ly  h igher - f requency  reg ion  than that of 4 ,6-d ich loropyr imidine .  If the ni t rogen a toms in these  com-  
pounds affect  the i r  NQR frequencies  in the s a m e  way as in chloro der iva t ives  of pyridine (i.e., the ni t rogen 
a tom in the fl posi t ion r e l a t i ve  to the  chlor ine a tom has the s t ronges t  e l ec t ron -aecep to r  effect  on the chlor ine 
a tom,  the e l e c t ron - accep t o r  effect  of the y - n i t r o g e n  a tom is somewhat  weaker ,  and the a - n i t r o g e n  a tom d is -  
plays e lec t ron-donor  p rope r t i e s  [4-7]), the ni t rogen a toms in the ~ posi t ions r e l a t ive  to the chlorine a toms of 
3 ,6-d ichloropyr idaz ine  and 4 ,6-d ich loropyr imidine  should lower the i r  NQR frequencies .  The ni t rogen a toms of 
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TABLE 1. C135 NQR Frequencies at 77 ~ K (v YT) of Chlorine-Con- 
taining l>yridazine Derivatives 
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36,403 
36.013 
35,902 
35,256 
35.236 
35,062 
35,266 
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3 
2 
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4 
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7 

3,6-dichloropyridazine in the a position re la t ive  to the chlorine atoms should increase  their NQR frequencies 
to a grea ter  extent than the nitrogen atoms in the T position relat ive to the chlorine atoms in 4,6-dichloro-  
pyr imidine. 

The chlorine atoms in the 4,6-dichloropyrimidine molecule are  c loser  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 f re -  
quencies,  as is observed,  for example, in the case of dichlorobenzenes [8]. The difference between the elec-  
t ron-accep to r  effect on the chlorine atoms in these two compounds of the nitrogen atoms in the fl and 7 posi-  
tions with respec t  to the chlorine atoms evidently exceeds the difference between the effect of the chlorine 
atoms bonded to the fl and T-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 a position 
relat ive to them are  pract ical ly  identical in both molecules.  

The C1 s5 NQR spec t rum of 3 ,4 ,5- t r ichloropyr idazine  is also found in a h igher- f requency region than that 
of 4 ,5 ,6- t r ichloropyrimidine.  The low-frequency lines in the NQR spect ra  of these compounds belong to the 
chlorine atoms in the a position re la t ive  to the nitrogen atoms of the corresponding ring,  and the NQR f re -  
quency of the low-frequency line in the spec t rum of 3 ,4 ,5- t r ichloropyridazine is appreciably higher than the 
two low-frequency lines in the spec t rum of 4 ,5 ,6- t r ichloropyr imidine  (~7=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 
ass ignment  of the lines in which is impossible,  belongs to the chlorine atoms in the 4 and 5 positions in 3,4,5- 
t r ichloropyr idazine .  Their NQR frequencies a re  close to the C135 NQR frequency of the chlorine atom in the 
5 position in 4 ,5 ,6- t r ichloropyr imidine  (~??=37.996 iVIHz [9]). 

As in the case of other organic chloro derivat ives ,  the NQR frequency of a given chlorine atom in the 
NQR spec t ra  of chloro-subst i tuted pyridazines increases  as the number of chlorine atoms in the molecule in- 
c reases  (see, for example, the C135 NQR spec t ra  of 3 ,6-dichloro-  and 3 ,4 ,5- t r ichloropyr idazines ,  which are  
presented in Table 1, and the spec t rum of 3,4,5,6-tetrachloropyridazine)  [3]. 

The C135 NQR frequencies of the corresponding chloro derivatives of pyridazine (Table 1) and 6-pyr ida-  
zone [2] differ substantially.  Thus, for example, the NQIt frequency of 3 -ch loro-6-pyr idazone  (v?~=36.523 
Mttz [2]) is ~ 1.0 MHz higher than the NQR frequency of 6-methoxy-  and 6-amino-3-chloropyr idaz ine  and 0.33 
MHz higher than the frequencies of 3,6-dichloropyridazine.  This provides a possibil i ty,  by comparing the NQR 
spec t ra  of chloro derivatives of 6-pyridazone and pyridazine with their corresponding tr imethylsi lylat ion prod-  
ucts,  to determine the s t ruc ture  of the lat ter .  
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The format ion of a compound corresponding to s t ruc tu re  I or  II is possible in the silylation of 3 -cMoro-  
6-pyridazone.  On the basis  of the C135 NQR spec t ra  of 3 -ch loro-6-subs t i tu ted  pyridazlnes  and 3 -ch lo ro -6 -  
pyridazones it may be assumed that the NQR frequency of 3 -ch loro-6- t r imethy l s t loxypyr idaz ine  (I) should be 
close to 35 M:Hz and that of 1 - t r ime thy l s i ly l -3 -ch lo ro -6 -pyr idazone  (II) should be close to 36 MHz. The NQR 
spec t rum of the product  of si lylation of 3 -ch loro-6-pyr idazone  (~ 77 =35.351 MHz) consequently cor responds  to 
s t ruc tu re  I. 

The C135 NQR spec t rum of the product of si lylat ion of 3 -ch loro-6-aminopyr idaz ine ,  which is found at 
~ 35 MHz, indicates  that this compound is 3 -ch loro-6- t r imethy ls i ly laminopyr idaz ine  (I). 

If 1 - t r imethy ls i ly l -4 ,5 -d[ch loro-6-pyr idazone  [s t ructure  II, R =Si(CH3)3, R 3 =H, R 4 =R 5 =C1] had been 
formed in the si lylat ion of 4 ,5-d ich loro-6-pyr idazone ,  the NQR frequencies  of the s tar t ing  compound and the 
react ion product would differ  only slightly,  inasmuch as the changes in the s t ruc tu res  of the s tar t ing molecule 
as a resu l t  of the reac t ion  would have occu r r ed  re la t ive ly  far  away f rom the indicator chlorine atoms. In actu-  
ality, however,  the e lec t ron  density distributions on the chlorine atoms of 4 ,5-d ichloro-6-pyr idazone  and the 
reac t ion  product  differ substantially.  The NQR spec t rum of 4 ,5-d ich loro-6-pyr idazone  consists  of two closely 
si tuated lines (v T~ =37.435 and 37.220 MHz [2]), whereas  the two low-frequency lines in the quadruplet  spec-  
t r um of the reac t ion  product  differ substantial ly f rom the two high-frequency lines with r e spec t  to their  f r e -  
quencies.  The low-frequency pair  of lines in this spec t rum is considerably lower in f requency,  whereas  the 
high-frequency pair  of lines is considerably higher in f requency than the lines in the spec t rum of 4 ,5-d ichloro-  
6-pyridazone.  A comparison of the spec t ra  of the s tar t ing  compound and the reac t ion  product provides evi-  
dence that the product of si lylatton of 4 ,5 -d ich loro-6 :pyr idazone  is evidently 4 ,5 -d ieh loro-6- t r imethy l s i loxy-  
pyridazine (I). 

If it is assumed that as the chlorine atom becomes fa r ther  away f rom the (CH3)~SiO grouping in the chloro 
derivat ive of 6- t r imethyls i loxypyr idazine  its NQR frequency changes in the same way as the spec t ra  of com- 
pounds of the (CH3)3SiO(CH2)nC1 se r i e s , *  the high-frequency doublet in the NQR spec t rum of 4 ,5-d ich loro-6-  
t r imethyls i loxypyr idazine  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 O , O - ,  N , N - ,  or O,N-tr imethyls i ly l  der ivat ives  is possible in the silylation of 3-hy-  
d roxy-4 ,5-d ich loro-6-pyr idazone .  The NQR spec t rum of the silylation product consists  of two very  close f r e -  
quencies (Av =0.034 MHz) and lines of identical intensit ies.  This indicates prac t ica l ly  complete equivalence 
of the chlorine atoms in the molecule and the re la t ive ly  high sy m m et ry  of the molecule.  Consequently, the 
silylatton product is the O,O- or N,N-t r imethyls i ly l  derivat ive.  It is impossible to make a choice betweenthese  
two s t ruc tu res  on the basis of the cur ren t ly  available data f rom the C135 NQR spect ra .  

The lack of the corresponding model compounds made it impossible to conf i rm the s t ruc tures  of com-  
pounds 9 and 10 in Table 1, which were  established on the basis  of their  UV, IR, and PM:R spec t ra  [1]. 
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The mass  spec t ra  of 2- and 4-thiobarbi tur ic  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 e lect ron impact were established. It is shown that the 
position of the thione group in the r ing and the tautomerie  t ransformat ions  have a substantial ef- 
fect on the charac te r  of the fragmentat ion of the investigated compounds. The established f rag-  
mentation principles make it possible to distinguish the s t ruc tura l  i somers  in a ser ies  of 2- and 
4-thiobarbi tur ic  acids f rom their mass  spectra .  

The mass  spec t ra  of barbi tur ic  acid derivatives have been studied by many investigators [1-7]. However, 
the peculiari t ies  of the behavior of compounds of this class  under the influence of e lectron impact have not been 
completely evaluated, inasmuch as the high-resolut ion spect ra ,  the spec t ra  at low ionizing-electron energies ,  
and model analogs with isotopic and chemical  labels have not been studied sys temat ica l ly  in the ear ly  papers 
[1-3] and the later papers  [6, 7]. 

In the present  paper we present  a compar ison of the mass  spec t ra  of 2- and 4-thiobarbi turic  acids (I-X) 
and their close analogs (X-I, XII) with the application of deuter ium labeling, metastable ions, and data f romhigh-  
resolution mass  spec t romet ry  and mass  spec t romet ry  with low-energy electrons.  The mass  spec t ra  of 4- thio-  
barbi tur ic  acid derivatives I-Vii were obtained for the f i rs t  time. It should be noted that the spect ra  of VIII and 
X-XII also have p rac t i ca l ly  not been discussed previously [1]. 

C2l"~ / "~0 r " " ~  ~=-S 

I-VII VIII-~ 

O~ / %  c%/-% 

XI -XII 

I Rt=R2=tl; R~=C~Hs; II R,=R:=D; Rs=C2Hs; IlI RI=R~=H; Ra=C3HT; IV Rt=R2=H; 
R CaHT\CH" V=RI=H; R2=CHz; RB=C~Hs; VI Rt=CHa; R2=H; R~=C~Hs; VII RI= = H3C / ' 
=R~=H: l~s=C~H~; VIII RI=R2=H; R3=C2Hs; IX RI=R.~=D; Rs=C:H~; X RI=R2=I-I; 

R CsHT\cT~. 8= HsC / .... XI RI=R2=H; R~=C6Hs; XII RI=C6Hs--CO; R2=H; Rs=C6H5 

The behavior under electron impact of s t ructura l  i somers  Is VIII and IV, X can be compared with respec t  
to the WM* values and the relat ive intensities of the peaks of the charac te r i s t i c  fragments.  The differences in 
the fragmentat ion under electron impact of I, VIII and IV, X are  manifested pr imar i ly  in the W M values. We 
found that the W M value for I is 5 at 70 eV and increases  to 35 as the ionizing voltage is lowered to 14 eV. In 
the case of VIII this parameter  under the same conditions is charac ter ized  by higher values of, respect ively ,  

* The W M value is the relat ive stability of the molecule with respec t  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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