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It has previously [1, 2] been reported that the methyLation of rheumycin  (Ia) by diazomethane yields three 
individual monomethylatiou products,  which have been identified as  1,6-dimethylpyrimido[5,4-e]  [1,2,4]triazine- 
5,7-dione (IIIa), which is known as the antibiotic xanthothricin [3] or toxoflavin, 6 ,8-dimethylpyrimido[5,4-e]  
[1,2,4]tr iazine-5,7-dione (Ic), which is known as the antibiotic fervenulin [5, 6] or planomycin [7], and 6-methyl-  
7- methoxypyrimido[5,4-  e] [1,2,4]triazin- 5-one (IIa), whose synonym is 7- methoxyrheumycin [2]. 
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I a R=H; b R=D; c R=CH~; d R=CH2D; II a R=CH~; b R=CH2L~ III a R=CH~; 
b R=CH2D 

In o rder  to fur ther  study the products  of the chemical  and biological convers ion of antibiotics Ia, Ic, IIa, 
and IIIa, it is n e c e s s a r y  to find analyt ical  c r i t e r ia ,  which would make it possible to identify compounds with 
very  s imi la r  s t ruc tu res .  This was the goa l  of the present  investigation and presupposes  the use of mass  spec-  
t r o m e t r y  [8]. 

Antibiotics Ia, Ic,  IIa,  and IIIa a re  distinguished by  alow res is tance  to e lectron impact  (W M) (Table l)  in 
compar i son  to derivat ives  of uraci l  [9] and pyrimidine [10, 11]. This finding is evidence that the molecular  ion 
(M +) exists predominantly in the keto form,  which is in complete agreement  with the ground-s ta te  s t ruc ture  of 
the molecules  under study. The appreciable decrease  in the value of WM in compound IIa is due to the appear-  
ance of addition f ragmentat ion paths owing to the presence  of the methoxy group in the uraci l  par t  of the mole- 
cule [12]. 

The direct ions for the fragmentat ion of M + for each antibiotic have been determined with the aid of an in- 
vestigation of the mass  spect ra  of metastable ions (the DADI technique) [13, 14] (Table 2). It was r igorous ly  
provided that the initial act  in the fragmentat ion of M + is due to the loss of 28 ainu (i.e., a CO or N 2 molecule). 
The elimination of a CO molecule is cha rac te r i s t i c  of most  cyclic ketones of the hetaryl  se r ies .  This is dic- 
tated not only by the predominant  localization of the charge in M + on the more  electronegat ive oxygen atom, 
but also to the formation of the energet ica l ly  favorable pseudomolecular  ion [M-  CO] +, which has the s t ruc ture  
of a he te roaromat ic  f ive -membered  ring. However, as the data f rom high-resolut ion mass  spec t rome t ry  
showed (Table 3), in the case of compounds Ia, Ic, and IIa, the t r iazine par t  of the molecule undergoes des t ruc-  
tion with the el imination of an N 2 molecule,  and the elimination of a CO molecule is cha rac te r i s t i c  only of com-  
pound IIIa. 

In this connection it seemed of in teres t  to compare  the energet ics  of the two p rocesses  (Table 4). The 
value we determined for AE [the difference between the appearance potential (AP) of the f ragment  ion and the 

-N2 
ionization potential (IP) of the molecule] for the process  M+ . ~[M-N2] + in the case of compound Ia is smal l  
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T A B L E  1. M a s s  S p e c t r a  o f  A n t i b i o t i c s  I a - I d ,  I I a ,  I Ib ,  I I Ia ,  and  I I Ib  

Com- 
pound 

]a 

lb 

Ic 

Id 

IIa 

IIb 

Ilia 

IIIb 

* P e a k s  w i t h  

Value of m/e  (intensity of ion peaks in % of maximum)* 

38 (17,8); 39 (36,0); 40 (7,2); 41 (8,2); 42 (53,1); 43 (14,6); 44 (4,6); 45 
(16,1); 52 (4,6); 53 (17,8); 54 (14,8); 55 (3,9); 56 (13,7); 57 (3,0); 58 
(16,2); 65 (12,7); 66 (22,8); 67 (100,0); 68 (39,4); 69 (5,9); 70 (3,4); 80 
(3,2); 93 (5,4); 94 (15,3); 95 (19,4); 96 (4,5); 107 (7,4); 122 (5.5); 123 
(76,5); 124 (3.7); 151 (58,1); 152 (3,9); 179 (66,5); 180 (5A); W~=8,2 

39 (3,1); 40 (33,7); 41 (34,0); 42 (12,5); 43 (56,3); 44 (37.5); 53 (22,5); 54 
(21,9); 55 (15,6); 56 (18.8); 57 (15.6); 58 (21,9); 59 (11,0); 65 (15,6); 
66 (29,7); 67 (89,1); 68 (I00,0); 69 (50.0); 81 (12,5); 93 (12,5); 94 (21,9); 
95 (34A); 96 (31.3); 97 (9.4); 107 (6,3); 108 (14,1); 109 (3,t); 122 (10,9); 
123 (81,3); 124 (81.3); 125 (7,8); 151 (78,1); 152 (84,4); 153 (5,6); 179 
(62,5); 180 (73,4); 181 (5,6) 

40 (3,0); 41 (6,3); 42 (50.0); 43 (8.8): 51 (5.0); 52 (20.0); 53 (50.0); 54 (8,8); 
55 (5.0); 56 (10,0); 57 (6.3); 58 (3;0); 65 (6,3); 66 (3,0); 67 (31,3); 68 
(50.0); 69 (8.8); 70 (3.0); 79 (13.3); 80 (40,0); 81 (50,2); 82 (33,2); 83 
(5,1}; 93 (5,2); 94 (10,0); 96 (I1,I); 108 (4.0); 109 (10,0); 110 (11.2); 111 
(4.0); 121 (10.3); 122 (13.3): 135 (8.8); 136 (56,3); 137 (100,0); 138 (18,3); 
165 (37,5); 193 (63,3); 194 (7,0); W~=9,0 

42 (44,3): 43 04,6); 44 (7,7); 52 (8,2); 53 (34,6); 54 (30,8); 55 (7,2); 56 
(10,3); 57 (3,8); 58 (3,0); 65 (6,0); 66 (3,0); 67 (15,0); 68 (41,0); 69 (28,2); 
70 (7,7): 79 (4,0); 80 (26,6): 81 (44,1); 82 (47,2); 83 (24,1): 84 (4,8); 95 
(3,0); 96 (7,9); 97 (4,2); 107 (3,1); 108 (7,0); 109 (6,4); 110 (32); 122 
(8.1): 123 (5.0); 136 (13.1): 137 (52,3): 138 (100,0); 139 (36.9); 140 (3,0); 
165 (5.4); 166 (28,0); 167 (7.1); 193 (13,1): 194 (78,1); 195 (4,0) 

42 (54.3); 43 (15,7); 44 (15.7); 45 (7.1); 51 (10,7); 52 (21,4): 53 (I0,0): 
54 (12.0}; 55 (51.4); 57 (20,0): 58 (55.7); 59 (4,3); 65 (57.1); 66 (25,0); 67 
(22.9); 68 (14,3); 69 (4,3); 72 (81A); 73 (14,3): 79 (4.3); 80 (42,9); 81 
(ll,4); 82 (3,6); 92 (4.3); 93 (85,7); 94 (10,0); 95 (3,1); 106 (12,9); 107 
(50,0): 109 (30,0): 110 (4,3); 120 (68,6); 121 (16,4): 122 (11,4); 134 (18,6): 
135 (52,9); 136 (I],4); 150 (52,1); 151 (3,0); 165 (I00,0); 166 (18,6); 193 
(6].4); 194 (5,7); W~=5.2 

42 (28,3): 43 (15,2); 44 (6,3); 53 (8.2); 54 (4.3); 55 (4,3); 56 (15,2): 57 (8.5); 
58 (28.9): 59 (]3.1); 65 (20,1): 66 (3.0): 67 (7,2): 68 (13,3); 69 (7.2); 72 
(8,2); 73 (41,3): 74 (4A); 80 (53.4); 81 (7,2): 82 (4.3); 93 (63.1); 94 (10,2); 
95 (4.4): 107 (]6,8): 108 (8.2): ]D9 (11,0); 120 (26,5); 121 (20.3): 122 (6.3): 
134 (14,0): 135 (22,1): ]36 (13.1); 150 (25.4); 151 (3.1); 165 (20.3); 166 
(100,0); 167 (33.6); ]68 (6.6); 193 (10,2): 194 (55,1): 195 (15,1); 196 (3,3) 

43 (30.0); 44 (17.5); 55 (16.3); 56 (28.8): 57 (12.5): 58 (3.8); 65 (12,5); 66 
(56,3]; 67 (71,3); 68 (12.5); 69 (4,4): 81 (10.0): 82 (15,0)~ 83 (58,1): 84 
(13,8): 93 (10,0): 94 (4A): 108 (10,6): 109 (89.4): 119 (21.9); 111 (8,8~: 
135 (8,8): 136 (82.5): 137 (22.5): 138 (5.6); 150 (14,4); 164 (5,0); 165 
(25.0); 166 (3.8); 193 (100,0): 194 (10.4): lV~r=12.5 

42 (4.8): 43 (21.4): 44 (13.2); 53 (4,2): 54 (8.1): 55 (7,1~; 56 (17,3)- 57 (9,1): 
58 (5,3): 65 (22,0): 66 (20,1); 67 (44.3); 68 (55,6): 69 (29,6): 70 (9.1); 8~ 
(S.l); 83 (12.1): 84 126.3): 85 (Z3): 109 (13,3): 110 (46.8~: 111 (I8.1): 136 
(7.4): 137 (49,8); 138 (24.8); 139 (6.1): 150 (3,0); 151 (6,3): 165 (4,4); 166 
(13,5); 167 (4,2); 193 (18,1); 194 (100,0); 195 (18,3); 196 (3,1) 

i n t e n s i t i e s  g r e a t e r  t h a n  3% a r e  l i s t e d .  

- - C O  
(14.29 k c a l / m o l e ) .  In  t h e  c a s e  o f  t h e  p r o c e s s  M+ , [ M - C O ] + ,  w h i c h  i s  c h a r a c t e r i s t i c  of  c o m p o u n d  I I Ia ,  

t h e  v a l u e  o f  AE  i s  ~ 2  t i m e s  h i g h e r .  

T h e  i n t r o d u c t i o n  o f  a m e t h y l  g r o u p  a t  p o s i t i o n  8 (Ic) o r  1 (IIIa) to  a n i t r o g e n  a t o m  r e s u l t s  in a s l i g h t  d e -  

c r e a s e  in  t h e  i o n i z a t i o n  p o t e n t i a l  (of  o n l y  0.2 eV) .  T h e  i n t r o d u c t i o n  p o t e n t i a l  of  IIb w a s  0.8 e V  l o w e r  t h a n  t h a t  

of  c o m p o u n d  Ia  o w i n g  t o  t h e  c h a n g e  in  t h e  e l e c t r o n i c  c o n f i g u r a t i o n  in t he  u r a c i l  p a r t  of  t he  m o l e c u l e .  C o m p a r -  

i n g  t h e  d a t a  in  T a b l e s  1 a n d  4 ,  w e  m a y  c o n c l u d e  t h a t  t h e  v a l u e  o f  W M  v a r i e s  a l o n g  wi th  t he  v a l u e  o f  t he  i o n i z a -  

t i o n  p o t e n t i a l .  

T h e  d i s s o c i a t i v e  i o n i z a t i o n  o f  M + of  c o m p o u n d s  Ia  and Ic  f o l l o w s  a c o m m o n  p a t t e r n  ( T a b l e  2) w i t h  a c o r -  

r e s p o n d i n g  m a s s  s h i f t  o f  t h e  p e a k s  o f  a l l  t h e  c h a r a c t e r i s t i c  i o n s  in  t h e  s p e c t r u m  by  14 a m u .  T h i s  p h e n o m e n o n  

i s  due  t o  t h e  f a c t  t h a t  t h e  a d d i t i o n  o f  a w e a k  e l e c t r o n - d o n o r  s u b s t i t u e n t ,  i . e . ,  t h e  m e t h y l  g r o u p ,  to  the  N 8 a t o m  

in  t h e  m o l e c u l e  o f  Ic  c a n n o t  c a u s e  s i g n i f i c a n t  c h a n g e s  in t h e  i n t r a m o l e c u l a r  d i s t r i b u t i o n  o f  t he  e l e c t r o n  d e n s i t y ;  

t h e r e f o r e ,  t h e  s i t e  o f  t h e  p r e d o m i n a n t  l o c a l i z a t i o n  o f  t h e  p o s i t i v e  c h a r g  e in M + i s  m a i n t a i n e d .  

A c c o r d i n g  to  t he  p e a k s  o f  t h e  m e t a s t a b l e  i o n s  ( T a b l e  2) and  the  e l e m e n t a l  c o m p o s i t i o n  of  t he  f r a g m e n t  

i o n s  ( T a b l e  3) o b s e r v e d  i n  t h e  m a s s  s p e c t r a  o f  c o m p o u n d s  Ia  and  Ic ,  t he  i o n s  of  t he  t y p e  A s u c c e s s i v e l y  s p l i t  
o f f  t w o  m o l e c u l e s  o f  c a r b o n  m o n o x i d e  t o  f o r m  i o n s  o f  t y p e s  B and  C.  In  o u r  o p i n i o n ,  t h e s e  p r o c e s s e s  i n d i c a t e  
t h a t  t h e  i o n s  o f  t y p e  A h a v e  a c y c l i c  s t r u c t u r e ,  s i n c e  t h e  l o c a l i z a t i o n  o f  t he  c h a r g e  on  t h e  e x o c y c l i c  n i t r o g e n  

a t o m  s h o u l d  o t h e r w i s e  c e r t a i n l y  r e s u l t  in  t he  e l i m i n a t i o n  of  a n  HCN p a r t i c l e .  
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It  has not been ruled out that the el imination of the f i rs t  CO group to form an ion of type B is followed by 
the splitting of the ring owing to the methyl group inpos i t ion  6. In this case,  it is easy  to account for the two 
success ive  competing p rocesses  involved in the fragmentat ion of the ion of type B, viz., the elimination of a 
second CO molecule (an ion of type C) or the removal  of an H3CN fragment (an ion of type D) (Table 3). 

R 
, 1 +" o~. 

Ia,151 CH3N 
2)" C2H~N2L Ia ~ 67 

1C,165 
zu IC~ 81 

R ~ ,  .-t+~ ' 3 R / ' 1 + .  
~ 

.',;/.=%-~ -'L: - 
�9 " m! 

o / 

, kco 
D-'H" cl § [._c...]+-.c. Ia ,~ ,  

Ic~ 81 

~1 t 94 ~a~ 05 L3 t 94 
~109 I(3' v109 ~ t 108 

Ions 67 (compound Ia) and 81 (Ic) fo rm either f rom the ions of type D as a resul t  of the removal  of HCN from 
the fou r -membered  r ing or  f rom the ions of type B. 

According to the mass  spec t ra  of the deuterated derivat ives  of xanthothricin (Ib) and fervenulin (Id), in 
which there  is no methyl group in position 1 (see Table 1), both ions contain the label. However, in the case of 
compound Id, the enr ichment  percentage is significantly lower than in the case of Ib. This finding confirms (in 
the case of Ic) the al ternative path involving the elimination of a C2H4N 2 part icle f rom the ion of type B with the 
part icipation of the substituent R (Table 2). 

The spect ra  of  the metastable ions (Table 2) show that the further  course  of the fragmentat ion of the ion 
of type A involves the elimination of HC2NO , CaHNO2, and CO 2 par t ic les  (Table 3). The elimination of the last 
two f ragments  suggests  a skeletal  r ea r rangement ,  which is real ized by m e a n s  of the cleavage of the laMle 
amide bond in the uraci l  par t  of the molecules and subsequent recycl izat ion to form a lactone group. 

R R ",+',.cO-~ DI*" 
A.l+. - CH~C.~_. ~ CH#...~N.. " ! ~ I a , , O 7  

o L - -'l,---~ " c  Ic,i21 
- . ~  "." - - o r 1 6 2  - ' . **o  

,, If" "" ~ Ta, 6e" 
O O IC~ 82 

A s imi lar  p rocess  involving the splitting off of a CO 2 molecule has been observed in the case of cyclic 
imides and isoimides [15]. This r ea r r angemen t  p rocess  is indirectly confirmed by the res t ra ining of deuteri-  
um labeling in the f ragment  ions (Table 1). However, despite all the s imi lar i ty  in the nature of the fragmenta-  
tion of M + in the cases  o f  compounds Ia and Ic, the presence of the methyl group on the N~ atom in compound Ie 
causes the appearance of new specific ions, which are  charac te r i s t i c  only of this compound. For  example, 
along with the elimination of a CO molecule of the ion of type A, the mass  spec t rum of fervenulin shows intense 
peaks for [A-HI  + (56%)and [A-CH3] + (13%) (Tables 2 and 3). 

As we see f rom the mass  spec t rum of deuterated derivative Id, f ragment  ions (B-  H) + and (B-  CH3) + con- 
tain a CH2D group in position 8. On the basis  of this finding it may be postulated that the e l iminat ion of hydro- 
gen and the methyl group occurs  mainly by virtue of the substitution in position 6 of the uraci l  ring. A process  
involving the elimination of an HNCO part ic le  f rom the ion of type B, which is charac te r i s t i c  of uraci ls  [9], is 

a lso observed.  

The fragmentat ion of M + of 7-methoxyrheumycin  (IIa), which, like compounds Ia and Ic, has an azo group 
in the t r iazine ring, a lso takes place with the elimination of a nitrogen molecule (Tables 2 and 3). The value 

* Here and in the following the numbers  charac te r iz ing  an ion define the rat io of its mass  to its charge.  
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TABLE 4. Ionization Potentials (IP) of Molecu- 
lar  Ions and Appearance Potentials (AP) of [M-  
28] + for Compound Ia and Methylated I somer s  
Ic, IIa, and IIIa in eV (*0.03} 

ir 

Compound 

| a  

Ic 
IIa 

I[la 

IP IP of [M- 28] + 

9,24 9,86 
9,03 10,09 
8,43 9,47 
9,03 I0,32 

AE =A P- IP 

0,62 
1,06 
1,01 
1,29 

of AE for the p rocess  of the removal  of an N 2 molecule f rom M + in this case is close to the value for fervenulin 
(Ic) and is equal  to 1.01 eV (Table 4}. 

The fur ther  fragmentat ion of the ion of type A is determined by the presence of the methoxy group, caus-  
ing the formation of ions 134 [A-  CH30] +, 135 [A-  CH2O] +, 136 [A-  CHO] +, and 150 [A-  CH3] + (Tables 3 and 4). 
In addition, the elimination of C2H30 and C2H4NO part icles  is observed.  

c.~o.~,..>__~ l §  lo7 

0 A 

I la ,i 16.5 

The pat tern of the fragmentat ion of M + of compound IIa just  presented is supported by the mass  spec t rum 
of its deuterated analog (IIb) (Table 1), in which the bulk of the f ragment  ions observed do not contain the iso-  

+ 
topic label. An exception is the 72 (CH3OC=N-CH3), which forms direct ly  f rom M + as a resul t  of the synchro-  
nous cleavage of the C 5-  N 6 and C 7- N 8 bOnds in the pyrimidine ring. The shift of the value of m /e  by 1 amu 
(lib) indicates that a methoxy group is present  in this ion. 

The f ragmentat ion of M + of xanthothricin (IIIa), which has a methyl group in the t r iazine r ing differs ap- 
preciably  f rom the fragmentat ion paths of compounds Ia, Ic,  and IIa considered above. For example, in the case 
of compound IIIa, the [M-  28] + ion forms,  as we have a l ready noted, as a resul t  of the elimination of carbon 
monoxide (Tables 2 and 3), since the methyl group in position 1 presents  the fragmentat ion of the t r iazine ring. 

The loss of the CO molecule causes  narrowing of the uraci l  r ing of compound IIIa and resul ts  in the for-  
mation of a pseudomolecular  ion of two possible s t ruc tures  (A 1 ion}. 

~.,  l +" #H,l +" 
O~NK,'F~N'N -CO N ~--~N"N 

. , -  or 

3 1 1 - -  
0 0 

A 1 

~-CzH2N 2 
m/e 111 

CH3"I -,F, I 
O-.,,~f N ~,.,/N "N 

A l 
/ 

~ -CH2N 

m/e 137 . 

The formation of ion 136 in this case takes place in stages (Table 2), r a ther  than as a resul t  of the e l imi-  
nation of a CH3NCO part icle  f rom the urac i l  par t  of the molecule [9]. The introduction of the label (compound 
IIIb) shifts the positions of the peaks of the principle f ragment  ions in the mass  spec t rum by 1 amu. This proves 
that the f ragmentat ion of M + takes place without the part icipat ion of the methyl group in position 1, an exception 
being the p rocess  resul t ing in the formation of ion 111 (Table 1). 

The fragmentat ion we have considered of M + of the antibiotic 1-dimethylxanthothricin (Ia} and its mono- 
ethyl der ivat ives ,  which differ with respec t  to the position of the methyl group in the pyrimido[ ,5,4-e]-asym- 
t r iazine ring, shows that each of the compounds cited has a set of cha rac te r i s t i c  features (the ionization poten- 
tial, the AE for the formation of the [M-  28] + ions, and the specific peaks of the fragment  ions}, which make it 
possible to unequivocally identify them. 

E X P E R I M E N T A L  

Fervenulin (Ic), xanthothricin (ilia}, 7 -methoxyrheumycin  (iIa), and the derivative not containing a methyl 
group in position 1 were obtained by methylation with diazomethane in a 2:1 methanol -d ie thy l  ether  medium fol- 
lowed by the separat ion of the products  formed by preparat ive th in- layer  chromatography on Silica Gel KSK in 

1033 



a 3:2 ethyl a c e t a t e - b e n z e n e  s y s t e m .  Compound Ic was obtained with a 60-80% yield a n d R f  0.67, compoundIIIa  
was obtained with a 6-10% yield and Rf  0.09, and 7-methoxyrheumycin  (IIa) was obtained with a 5-8% yield and 
Rf  0.38. 

With r e s p e c t  to the deutera ted  analogs ,  compound Ib was obtained by isotope exchange of the hydrogen 
a tom at  N 8 in the p r e s ence  of D20, and the introduction of a deu te r ium a tom into the methyl  groups in Id, IIb,  
and IIIb was achieved by the methyla t ion  of Ia  with diazomethane in a medium of monodeuteromethanol .  

The low-reso lu t ion  m a s s  s pec t r a  we re  r eco rded  on an MS-1302 m a s s  s p e c t r o m e t e r  with the use of a sy s -  
t e m  for  the d i r ec t  int roduct ion of the sample  into the ion source  with a t e m p e r a t u r e  of the vapor i ze r  equal to 
100-150~ and an ionizat ion ene rgy  equal to 30-40 eV. 

The ionizat ion potent ials  of Ia ,  Ic ,  I Ia ,  and IIIa,  and the appearance  potentials  of thei r  f ragmenta t ions  
were  de te rmined  on this  ins t rument ,  which was equipped with a vacuum monoehromato r  and a ga s -d i s ch a rg e  
hydrogen lamp.  

�9 The high=resolut ion m a s s  s pec t r a  of compounds Ia,  Ic,  IIa, and IIIa were  obtained on an MS--902 m a s s  
s p e c t r o m e t e r .  The m a s s  s pec t r a  of the me tas t ab le  ions were  recorded  by the DADI technique on a Var ian  
MAT-311 ins t rument .  
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