
8 .  

9. 
H. Meal, 3. Amer .  Chem. Soc., 74, 6121 (1952). 
G .K.  Semin, T. A. Babushkina, and G. G. Yakobson, Application of Nuclear Quadrupole Resonance in 
Chemis t ry  [in Russian],  Leningrad (1972). 

M A S S - S P E C T R O M E T R I C  S T U D Y  O F  2 -  A N D  4 -  

T H I O B A R B I T U R I C  A C I D  D E R I V A T I V E S  

V. G. V o r o n i n ,  S. B.  G o n c h a r e n k o ,  
A.  I .  E r m a k o v ,  a n d  Yu.  N. P o r t n o v  

UDC 547.854.5'718 : 543.51 : 541.61.63 

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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Fig. 1. Mass spec t ra  of I, II ,  and VIII, IX at 70 and 14 eV. 
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Fig. 2. Mass spec t ra  of VII and XI at 70 and 14 eV. 

15 (70 eV) and 70 (14 eV). An even sharper  difference in the W M values is observed for i somers  IV and X, 
which have branched substituents [3 (70 eV) for IV and 0.07 (70 eV) for X]. Thus 4- thiobarbi tur ic  acid der iva-  
tives are  less stable with respec t  to electron impact than the corresponding i somers  with a thione group at-  
tached to C-2. 

The p r ima r y  f ragmen~t ton  process  of 5,5-diethyl derivatives of  barbi tur ic  acid, as assumed in [1, 6], 
is manifested by olefinic fragmentat ion with splitting out of C2H 4 f rom the molecular  ion. A study of the high- 
resolution mass  spec t ra  of I and VIII shows that the formation of  ions with m / e  172 in the spec t ra  of I and VIII 
is actually due, on the whole, to splitting out of C~H 4. We also observe  that the peak with m / e  172 tn the spec-  
t r u m  of I is of maximum intensity at 70 and 14 eV, whereas  the intensity of the peak with m / e  172 is only50% 
for VIII at 14 eV. In the spec t rum of  I at 70 and 14 eV one subsequently observes an intense ion peak with m / e  
171, the formation of which may be rea l ized  f rom the fragment  with m / e  172 by loss of a hydrogen atom. This 
p rocess  is confirmed by the presence  of a metastable ion (In* =170) in the spec t rum of I at 70 and 14eV.  

*The m / e  values are  presented in parentheses.  
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T A B L E  1. Mass Spectra  of I I I -VI ,  X, and X-if* at 70 eV 

Com- 
pound Mass spectra 

III 39 (12), 41 (45), 42 (6), 43 (12), 44 (13), 55 (22), 69 (13), 70 (6), .96 (8} 
97 (7), I14 (15), 157 (90), 171 (7), 187 {60), 186 (100), 187 (9), 214 {0,7) 

IV 39 (20), 41 (44), 55 (36), 56 (6), 69 (14), 70 (8), 82 (I0), 85 (4), 86 (6), 
97 (8), 98 (5), 113 (4), 114 (12), 128 (10), 139 (4), 141 (6), 142 (3), 156 (6), 
157 (62), 158 (10), 170 (8), 171 (46), 172 (100), 213 (18), 242 (3), 243 (0,5) 

V 39 (6), 41 (12), 42 (8), 55 (6), 69 (10), 70 (4), 82 (8), 83 (4), 84 (3), 85 (6). 
ll0 (7), 114 (5), 128 (10), 130 (5), 142 (20), 171 (70), 172 (5), 185 (44), 186 
(100), 187 (12), 188 (7), 214 (44), 215 (6) 

Vl 39 (28), 41 (48). 42 (8), 55 (16), 69 (21), 70 (7), 82 (4), 83 (4), 84 (4), 85 
(7), 96 (20), 97 (4), ll4 (18), 128 (54), 142 (5), 171 (60), 172 (6), 185 (64), 
186 (100), 187 (14), 188 (4), 214 (30), 215 (6) 

X 41 (31), 43 (50), 55 (14), 69 (17), 97 (12), 98 (8), 129 (5), 157 (66), 171 (5), 
172 (100), 173 (54), 174 (10), 213 (4), 242 (21), 243 (3) 

XII 51 (5). 77 (26), 78 (3), 103 (4), 104 (2), 105 (100), 106 (8), 114 (2). 117 (7), 
146 (25), 147 (3), 204 (2), 232 (2), 309 (2), 336 (5), 337 (1) 

* T h e  m a s s  n u m b e r s  o f  t h e  f r a g m e n t s ,  t h e  r e l a t i v e  i n t e n s i t i e s  ( in 

p a r e n t h e s e s )  o f  w h i c h  e x c e e d  2%,  a r e  p r e s e n t e d .  

The fact that a f ragment  with m / e  171 is absent  at high and low ionizing vol tages in the f ragmenta t ion  of 
VllI is important .  

The format ion  of an ion with m / e  171 in the f ragmenta t ion  of I might have been conceived of as s imple  
detachment  of the C~.Hs" r ad ica l  d i rec t ly  f r o m  M + ' .  However,  the metas tab le  ton cor responding  to the p roces s  
M+.  -C2H 5" is not obse rved  in the s p e c t r u m  of I. In addition, in this case  it is difficult to explain the absence 
of a s im i l a r  p roce s s  in the f ragmenta t ion  of VIII. A choice between the probable  p r o c e s s e s  for the format ion  
of m / e  171 can be made f r o m  a compar i son  of the s p e c t r a  of I and VIII. 

The spli t t ing out of C2H 4 f rom the molecu la r  tons of I and VIII is r ea l i zed  f r o m  the ethyl groups with m i -  
grat ion of a hydrogen a tom to the charged f ragment .  The anomalous dependence of the intensity of the peak 
with m / e  172 on the magnitude of the ionizing voltage and the p resence  of a peak with m / e  171 only in t h e s p e c -  
t r u m  of I indicate that  the mechan i sms  of the M +- - C2H ~ r e a r r a n g e m e n t  p roces s  should be different  in the 
f ragmenta t ion  of I and VIII. 

Scheme 1 
H .~ § 

H~ !" /R2 H SN/7--N/R2 i 1 t S~,, N/R2 

e ii 
R~=R2=H 1~oo)* A C ~ " " ~  J " _ .  

Y RI=H, R2=CH 3 (211) 1 (172) I 1 1 7 1 )  CHaHC=(N'.N//"N--R2 
v (186) v (18s) [I 

V1 Rt~CH3, R2=H (214) VI (186) VI (185) O 
I (IZ8) 

v! (des) * -CHg 

§ R '.! 

c.~=( ~- )=o -~Nco C H 2 = ~ N _ R  2 -R~NCO CH2 . . . .  Rl 
11 O//~--N\Rj 1t 
o o 

D 
F' F 

I (157) I (114) v 028) 
V (171) v (114) Vl (|14~ 

VI (l?l) VI (128) 

I t  is known that  ba rb i tu r i c  acid de r iva t ives  in solution a r e  capable  of t au tomer ic  t r ans fo rma t ions .  As 
prev ious ly  a s sumed  in [1], this f e a t u r e  may  be e x p r e s s e d  to an even g r e a t e r  degree  in the gas phase,  especia l ly  
during excitat ion by e lec t ron  impact .  Data on the f ragmenta t ion  of 4 - aminou rac i l s ,  for  example ,  also provide 
evidence for this .  On the bas i s  of everything s ta ted above,  we proposed the mos t  probable  mechan i sms  of f r a g -  
menta t ion of 2- and 4- th iobarb i tu r ic  acid de r iva t ives  I and VIII: 
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Scheme 2 
-3" -]-- 

VIII (200) B (172) E (IS7) 

It follows f rom an examination of the above scheme that the differences in the fragmentat ion of I and VIII 
are  due, on the one hand, to tau tomer ic  t ransformat ions ,  with which the probabili ty of localization of the charge 
on the various atoms of the r ings of I and VIII is evidently linked, and, on the other hand, to migrat ions of hy- 
drogen atoms to s ix-  and fou r -membered  t ransi t ion states with the formation of ions A and B. In fact, the sub- 
sequent fragmentat ion of f ragment  A to give ions with m / e  17i (C) and 157 (D) is represen ted  as the resul t  of 
two possible stabilizations of the radica l  center at C-5 with splitting out of a hydrogen atom and a methyl group. 
The absence of this center  in f ragment  B (for VIII) leads to splitting out of only CHs, which is accomplished 
with an energical ly  favorable r ea r r angemen t  of the s t ruc ture  and the formation of f ragment  E with conjugated 
bonds. It is interest ing to note that the intensity of the peak with m / e  157 in the spec t rum of VIII is higher 
than the intensity observed for ion D (for I). The fragmentat ion p rocesses  for I and VIII presented in the 
scheme cor respond  to deuter ium redis t r ibut ion in the fragmentat ion of ~ and IX, and the e lementary  composi -  
tion of ions A-E  is confirmed by the high-resolut ion mass  spect rum.  The f i rs t  act in the fragmentat ion of III 
is detachment of C~H 4. The effect of the propyl group is manifested by splitting out f rom the molecular  ion of 
an ethyl rad ica l  to give a f ragment  of the D type with m / e  157. As in the case  of I, IV, and V, the f ragmenta-  
tion of III is charac te r ized  by an intense (M +" - C2H 4) - H. process .  

The ion peak with m / e  172 {M +" - CsH10) +" for IV and X is the principal peak in the spec t rum at 70 and 
14 eV. On the other hand, the (M+. - C~H 4) +. f ragment  typical for I and VIII is charac te r ized  by an ext remely  
low intensity. Consequently, loss of the more  branched group attached to C-5 is preferable  in the f ragmenta-  
tion of 5,5-dialkyl derivatives of 2- and 4- thiobarbi tur ic  acids. The (M +" - CsH10 - H-)+ ion peak is observed 
only in the spec t rum of IV. A distinctive feature of the fragmentat ion of X is manifested in turn by the p re s -  
ence in the spec t rum of an ion with m / e  173, the formation of which can be r ep resen ted  by the scheme 

Scheme 3 13 ~Ta (Ioo%} 

140" 

I 
~40~NI! 

G (173) (54% 7oeV) 
(8~% 14 eV) 

CH CH~CH~'CH3 ] § 
~ \ J "  0tl 

X M ~'" (2421 

It should evidently be a s s u m e d t h a t  the formation of the ion with m / e  173, to which s t ruc tures  G and G' 
can be assigned, is due to the presence  of an alkyl substituent with a long chain. In this case there  a re  neces -  
s a r y  conditions for the migrat ion of yet another hydrogen atom to the remote  ion-radical  center at CS-2 or N-3. 

F r o m  an examination of the scheme one should expect that substituents in the N-1 and N-3 positions will 
also affect the charac te r  of the fragmentat ion of thiobarbi turic  acid derivatives.  The stabilit ies of s t ructura l  
i somers  V and VI with r e spec t  to electron impact a re  pract ica l ly  identical (W M = 9%). As in the case of I, in- 
tense M +" - C2H4, M +" - C2H 4 - H. ,  and M +- - C~H 4 - CH 3. p rocesses  are  charac te r i s t ic  for V and VI. The 
mass  spec t ra  of V and VI differ only with respec t  to the intensities of the peaks with m / e  128 (ions F and F T in 
scheme 1), which a re  charac te r ized  by values of, respect ive ly ,  54% (V) and 10% (VI). The formation of f rag-  
ments with m / e  128 in the fragmentat ion of V and VI is associated with cleavage in the r ing  of, respect ive ly ,  
the 4 -CS=NH or 6-CO=NH bonds with splitting out of NHCO. Hence one should assume that the f i rs t  of these 
bonds is more  labile with r e spec t  to electron impact than the second bond. 

F r o m  the point of view of the peculiari t ies  of the fragmentat ion of 4- thiobarbt tur ic  acid derivat ives,  it 
seems  of interest  to Compare the mass  spec t ra  of VII, XI, and XII. As in the case of the fragmentat ion of I and 
VIII, the (M+- -CzH4-H)+  ion peak is observed only in the spec t rum of VII. Moreover,  splitting out of a hydro-  
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gen a tom f r o m  the ion with n~/e  220 is accompanied  by the appearance  of an intense peak of a metas tab le  ion 
(m* =218). On the bas i s  of an analys is  of the spec t r a  of I, VIII and IV, X, the f ragmenta t ion of VII and XI can 
be r e p r e s e n t e d  by the scheme  

Scheme 4 
"S" s. ~. 

C21t ">---Nit ~ ')----Nil ~ - N  tl 
. ~ , (  ~ o c,),~ . /  ./ \. . 

@ ~ - ~ "  v o?--. 

VII M y' (24,~) H (220) (219) 

O i l  0 t l  

\ N ' " i j ~ / ~ - - N  ! " 
2 : , \ /  \ = O  

Xl P,',* (248) - - ~  (220~ 

The detachment  of a hydrogen a tom f r o m  the ortho posit ion of the phenyl (ion H, scheme 4) and other a r -  
omat ic  r ings  is also an intensive p rocess  in the f ragmenta t ion  of some other  c l a s se s  of compounds [9, 10]. In 
the s p e c t r u m  of VII at 70 eV the ion peak with m / e  219 is of m a x i m u m  intensity.  

In con t ras t  to the f ragmenta t ion  of XI, the f ragmenta t ion  of XII at 70 and 14 eV is r ea l i zed  with the p r i -  
m a r y  fo rmat ion  of a benzoyl ium ion with m / e  105. The s tabi l i ty  of VII with r e s p e c t  to e lec t ron  impact  is much 
higher 0VM=10%) than that of I, and this may  be explained by the s tabi l iz ing p rope r t i e s  of the phenyl r ing  a t -  
tached to the C-5 r ad i ca l  center .  The s tabi l i ty  to e lec t ron  impact  of XI is cha rac t e r i zed  by WM=5%. One's  
at tention should be d i rec ted  to the fact that in the s p e c t r u m  of XI at 70 and 14 eV the re la t ive  intensi t ies  of the 
M+.  and (M + ' - C 2 H  4) peaks ,  as well  as the i r  r a t i o s ,  r e m a i n  prac t ica l ly  constant.  This anomalous behavior  of 
XI under the influence of e lec t ron  impact  and the low WM value of this compound as compared  with VII can be 
explained by, for example ,  f ragmenta t ion  f r o m  the isolated e lec t ronic  s ta te  of the molecular  ion [11, 12]. 

Thus quali tat ive and quantitat ive d i f fe rences  in the behavior  of 2- and 4- th iobarb i tur ic  acids under the 
influence of e lec t ron  impact  have been found in the p resen t  r e s e a r c h .  The obse rved  f ragmentat ion pr inciples  
can be used for the es tab l i shment  of the s t ruc tu r e s  of other compounds s imi l a r  to I-XII  or thei r  metabol ic  
products .  

EXPERIMENTAL METHOD 

Compounds IX and X were obtained by the methods in [13, 14]. * Deuterium analogs II and VIII were ob- 

tained by dissolving I and VII in CDsOD. The mass spectra of I-XII were recorded with an LKB-9000 mass 

spectrometer at ionizing voltages of 70 and 14 eV, an emission current of 20 uA, and an ion-source tempera- 
ture of 250 ~ The temperature of admission of the substances into the ion source was 20-50 ~ The hLgh-resolu- 

tion spectra were recorded with a JMS-01-SG-2 spectrometer with an automatic system for processing of the 
information. 
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R E A C T I O N  O F  S U B S T I T U T E D  5 - A M I N O P Y R I M I -  

D I N E S  W I T H  O X A L Y L  C H L O R I D E  

V. M. C h e r k a s o v ,  I .  F .  V l a d i m i r t s e v ,  
a n d  I .  V. B o l d y r e v  

UDC 547.853.7'461.2 

Depending on the reac t ion  conditions and the subst i tuents ,  N-(2,4 ,6-subst i tu ted 5-pyr imidinyl )ox-  
amyl  chlor ides  and N,NT-di(2,4,6-substi tuted 5-pyr imid inyl )oxamides  a r e  fo rmed  in the reac t ion  
of  5 -aminopyr imid ines  with oxalyl chloride.  

Py r imid iny l  i socyanates  have been obtained as a r e su l t  of the reac t ion  of oxalyl chlor ide with 2-  and 4- 
aminopyr imid ines  [1, 2]. It  is known that  the reac t ions  of amino groups with oxalyl chloride proceed  in dif-  
ferent  ways as a function of the bas ic i t i es  of the amino groups.  In the p r e sen t  r e s e a r c h  we have studied the 
reac t ion  of oxalyl chlor ide with 5 -aminopyr imid ines  (I). Inasmuch as the amino groups at tached to C-5 have 
higher bas ic i t i e s  than the amino groups in the 2 and 4 posi t ions ,  one might have expected the production of 
s table  5 -pyr imid iny loxamyl  chlor ides  (Ill). 

~ ~-../~ ltcoco ~,.~.f~.~ N 'Y~ ' ~  ~cocT)~ ~- --~ H coc~.~c~ 

2:1 . | :5  R/~.~N ~R,  

tt a - f  t a - f  l l l d ,  f 

g~ . xv.)/ , . 
/ /  " / i 

R! iRI ~l 
/ i - . - - \  It COCOOH N ~ N  tlCOCOOC~ft. N ~ ' V S / I t  COCO N Ii C, |i: 

Ivd,f vd, f wd, f 
a R=RI=R2=H; b R=CH3, Rt=R2=H; c R=C61-ts. Rt=l~2=I-l; d R=H, R:=I~=C|; 

e R=CHs, RI=R~=CI: f R=C6H~, R=l~2=C1 

N,N'-Di  (5-pyr imidinyl)oxamides  (II) or N-(5-pyr imid iny l )oxamyl  chlor ides  (III) mixed with II we re  ob- 
tained under conditions c lose  to those desc r ibed  in [1, 2] with 1 equivalent or with excess  oxalyl chloride,  r e -  
spect ively .  Compounds Id, f with two chlorine a toms adjacent  to the amino group f o r m  p r i m a r i l y  acid chlor ides  
IIId, f (70%) and oxamides  lid, f i n  25% yields ,  in cont ras t  to amine Ic, which gives p r i m a r i l y  oxamide IIc (80%). 
The s t ruc tu re  of llId, f was proved  bY hydro lys i s ,  a lcoholys is ,  and aminolys is  to give, r e spec t ive ly ,  N- (5 -py-  
r imid inyl )oxamic  acids (IVd, f), oxamic acid e s t e r s  (Vd, f), and N,N ' - subs t i tu ted  oxamides  (VId, f). In addition, 
N,N'-di(5-pyrimidinyl)oxamide IId, identical  to the compound obtained by reac t ion  of Id with one equivalent of 
oxalyl chlor ide,  was obtained f r o m  acid chloride IIId and s ta r t ing  amine Id. 

Two absorpt ion bands at 3200-3500 cm -1 (NH 2 group) a r e  observed  in the IR s p e c t r a  of s t a r t ing  aminopy ,  
r imid ines  In-f ,  whereas  the s p e c t r a  of the reac t ion  products  contain only  one such absorpt ion band (NH group) 
and an absorpt ion  band at 1720-1780 cm -1 (C =O group). 
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