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I t  has p rev ious ly  been es tab l i shed  that  1,3-dioxides of pyr imid ines  f o r m  as a r e su l t  of the oxidation of 
products  of the condensat ion of 1 ,3 -hydroxylaminooximes  with a ldehydes [1]. In the p resen t  work this method 
was used for the synthes is  o f  condensed pyr imidine  1,3-dioxides,  viz. ,  5 ,6 ,7 ,8- te t rahydroquinazol ine  1,3-di-  
oxides,  for  which the re  is no informat ion  in the l i t e ra tu re .  

For  this purpose  we c a r r i e d  out the condensat ion of N- [ (1 -hydroxyiminocyc lohex-2-y l )methy l ]hydroxyl .  
amine  (I) with carbonyl  compounds [2]. The reac t ion  of 1 ,3-hydroxylaminooxime I with formaldehyde,  ace ta l -  
dehyde, and acetone yielded condensat ion products  (II-IV) with the spli t t ing off of a water  molecule .  The PMR 
s p e c t r a  of compounds I I - IV  point out that the condensat ion product  with formaldehyde has the s t ruc tu re  of 3- 
hydroxy-2 ,3 ,4 ,4a ,5 ,6 ,7 ,8-oc tahydroquinazol ine  1-oxide (cyclic f o r m  IIB), that  with acetone is N-[ (1-hydroxy-  
iminocyclohex-  2 - y l ) m e t h y l ] - ~ , ~ -  d imethylni t rone (open fo rm IVA), and the condensat ion product  with ace ta lde -  
hyde ex i s t s  in a t au tomer i c  mix ture  of open and cycl ic  f o r m s  (IIIA ~- I I IB) .  Thus,  the PM_R s p e c t r u m  of IIB in 
pyridine shows a broadened s inglet  of the protons of the methylene group in posit ion 2 of the he te rocyc le  at  
4.92 ppm, and there  a r e  no s ignals  (in D20 ) of the protons of the methyleneni t rone  group of open f o r m  IIA in the 
6 .0 -7 .0 -ppm region [3]. The PMR s p e c t r u m  of der iva t ive  IVA in D20 has two s ignals  of the protons of the 
methyl  groups in the ~ , a - d i m e t h y l n i t r o n e  configurat ion at  2.10 and 2.19 ppm and does not show any signals  of 
the protons  in the geminal  methyl  groups  of cycl ic  f o r m  IVB in the 1 .4-1.7-ppm region [2, 4]. The PMR spec-  
t r u m  of compound III in D20 shows a doublet  of the protons of the methyl  group and a quar te t  of the methine 
proton of the a - m e t h y l n i t r o n e  configurat ion of open f o r m  IILA at 1.96 and 7.25 ppm (J = 6.0 Hz), r e spec t ive ly ,  
whereas  for  cycl ic  f o r m  III there  a r e  two doublets of the protons of the methyl  group in posit ion 2 of the  he te ro -  
cycle:  1.49 (J = 6.5 Hz) and 1.53 ppm (J - -  6.5 Hz) with a ~ 1:6 rat io .  This  points out the p r e sence  in the solu-  
tion of two cycl ic  t au tomer i c  fo rms ,  which a r e  dist inguished by the cis  and t rans  or ienta t ions  of the subst i tuents  
in posi t ions  2 and 4a of the he te rocyc le  [5]. The constant  of the t au tomer i c  equi l ibr ium (KT = [A]/[B]) for IH 
in D20 is equal to 0.6, and that  in pyridine is equal to 2.2. 

It is  noteworthy that  the  p r e s e n c e  of a cyclohexane ring in 1 ,3-hydroxylaminooxime I caused an inc rease  
in the re la t ive  concen t ra t ion  of cycl ic  t au tomer  IIIB in the condensat ion product  of III in compar i son  to the con- 
densat ion product  of  the acyc l i c  1 ,3-hydroxylaminooxime which contains two methyl  groups  instead of the t e t r a -  
methylene br idge (compare  [2]). 

Along with the bands at  1629 and 1623 ern - i ,  which fit the s t re tch ing  v ibra t ions  of the C=N bond in ni-  
t rones  [6], the IR spec t r a  (in KBr) of III and IV show bands at  1659 and 1657 c m  " i ,  r e spec t ive ly ,  of the s t r e t ch -  
ing v ibra t ions  of a C--N bond in oximes  [7], conf i rming  s t ruc tu re  IVA and suggest ing that  compound III a l so  
ex i s t s  in open f o r m  IIIA in the c rys ta l l ine  s ta te .  

It  could have been expected that  the oxidation of II and III would produce  te t rahydroquinazol ine  1,3-dioxides 
V and VI, r e s p e c t i v e l y  [1]. I t  was found that the yie lds  of 1,3-dioxides V and VI depend both on the solvent  used 
[8] and on the oxidizing agent.  When II was  ox id izedby  ac t ive  manganese  dioxide in dioxane, 5,6, 7 ,8 - t e t r ahydro -  
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TABLE 1. Spec t ra l  C h a r a c t e r i s t i c s  of  Der iva t ives  of 5 ,6 ,7 ,8 -Te t r a -  
hydroquinazoline 1,3-Dioxide 

RE 

R'~ 0 

Corn - 
poand I 

PMR specu'um (inCDCI~), 6 ppm 

R' H 4 R 2 

v I .  8.,2i7,801. ,_,5 
Vl  I CI-h 2,8117,97lH 2,6 

VII I H 9,04|8,04lBr 
v n l  i o% 2,8118,061Br 

IX ] CHs 2,79|8,111CH3COO 2109 
X ICHs 2,7518,041OH 5,17 

6 . 7 -  
H a . 5-CH~- CH2CH~ 

- I 3,o 11,4_ ,I 
I 3,1 11,6--2,1 

5 ~  12,7--3,011,9--2,5 
5,64 I 1,8--3,1 
6,36 12.6--3,011,6--2,! 
~.Ol [~.s-2,9[ 1.6-2.3 

]R S~_eC~UFOs cn-i - I *  

1350,1303,1208,1200,1161 
1318,1167,1126 
1212,1t80 
1288,1129 
1319,1244,1132 
1319,11t0 

* The m o s t  intense absorp t ion  bands in the 1400- l l 0 0 - c m -  1 region 
q re  given, 

�9 R '  

N N O 0 O 
o.  o.  A B 
I I I - I V  V,V!  

II  R ' = R ; = I I ;  I I I  R~=H. W~CH3; IV R'=R~=CH3: V R-~=H; VI R~CH3 

qninazoline 1,3--dioxide (V) fo rmed with a 45% yield, and when III was oxidized under  the s ame  Conditions, di- 
oxide VI fo rmed  in t r a ce  amounts ,  whereas  when the reac t ion  was c a r r i e d  out in water ,  i ts  yield was 28%. 
When nickel peroxide se rved  as  the oxidizing agent  [9], 1,3-dioxide VI was obtained with a 52% yield in wa te r  
and with a 25% yield in dioxane. However ,  under  these  conditions 1,3-dioxide V formed with lower yields than 
when the oxidation reac t ion  was  c a r r i e d  out with ac t ive  manganese  dioxide. The spec t r a  data and the e l emen-  
ta l  ana lys i s  of compounds V and VI a r e  in good a g r e e m e n t  with the s t ruc tu re  of 5 ,6 ,7 ,8- te t rahydroquinazol ine  
1,3-dioxides (Tables  1 and 2). 

In the study of the p rope r t i e s  of dioxides V and VI it was found that the i r  t r e a t m e n t  with N - b r o m o s u c -  
c inimide or  the appl ica t ion of a solution of b romine  in ch lo ro fo rm to compound VI yields products  of the r e -  
p lacement  of a hydrogen a tom by a b romine  a tom (VII and VIII) [10, 11]. The PMR spec t ra  of these compounds 
(Table 1) and the fur ther  chemica l  convers ions  showed that  the bromina t ion  resu l ted  in the format ion  of 8- 
b r o m o  de r iva t ives  VII and VIII. The reac t ion  of b romo  der iva t ive  VIII with po tass ium ace ta te  in the p resence  
of a ca ta ly t ic  amount  of I S - c r o w n - 6  in ace toni t r i le  produced acetoxy der iva t ive  IX, whose IR spec t rum showed 
bands a t  1735 (C=O) and 1244 c m  -1 ( C -  O). The heating of IX in methanol  in the p resence  of hydrochlor ic  acid 
yielded hydroxy der iva t ive  X, whose IR s p e c t r u m  displays  only a c h a r a c t e r i s t i c  band of an in t ramolecu la r  hy- 
drogen bond in the 3600-3200-cm-!  reg ion  r e g a r d l e s s  of the concentra t ion (5% in CHCI 3 and 0.05% in CC14), 
pointing out posit ion 8 for  the hydroxy group in te t rahydroquinazoHne X. The posit ion of the hydroxy group in 
product  X is cons is ten t  with the abi l i ty of this compound to produce colored complexes  with copper  sa l t s .  Com- 
pound X f o r m s  with a good yield when a solution of VIII in water  is held in the p re sence  of sodium bicarbonate .  

~ N  I 0  ~ N I  0 

I AmONO Br O AcO O 
VII ,  V i i i  IX 

"%1 
N j '~  ~ N , , O  

N O O O 
$ ~ f i "  
OH 

XI VII R=H; VIII R=CH 3 X 
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TABLE 2. Compounds Synthesized 

mp..*C a UV spectrum. }'max, 
am (log e) 

Fouad, % 

clHIN 
Empirical 
formula 

CaLc., %: 

c HIN 

~a 

d 

I l l  137--139 235(3.95) 159.018,8115,5 Cgf-I,6N202 [58,7]8,8~15,2] 96 
IV 124--127 238 (3,95) ]60,619,2114,3 C~0H,sN~O~ 160,619,2114,1 ] 96 
V 172--174 262(4,40),278sh(4,!3),340157,516,1116,8 CsHIoN~O2 ]57,816,1]16,9~45 

VI 165--167 251~I),283(4,03),340 160,116,7[15,61CgH,~N202 [60,016,7115,5152 
VII [ ll0deeomp~ 271 i4.37). 298 (4.09) t39.613.9111.31 C.HaBrN.O~b139.213.TI11.4[ 3, 

VIII 1123deeomi~ 267 (4.37). 301 (4.05). 361 142.0[ 4.3] 10.71CgHHBrN20~ [41.714.3 ~ I0.81 57 

aCompound II c rys t a l l i zed  f r o m  dioxane with one water  molecule ,  
whichwas  los t  upon heat ing in a vacuum; compound III was r e c r y s -  
ta l l ized f rom dioxane, IV and VI were  r ec ry s t a l l i z ed  f rom ethyl 
ace ta te ,  XI was re .crys ta l l ized  f r o m  ethanol,  and compounds V and 
VII-X were  purif ied chromatograph ica l ly ,  bFound: Br, 32.4%. 
Calculated:  Br 32.6%. CFound: Br,  30,8%. Calculated:  Br,  30.8%. 

Thus,  compounds VIII, IX, and X have the s t r u c t u r e s  of 8-bromo-(VII I ) ,  8 -ace toxy-  (IX}, and 8-hydroxy-  
2 -methy l -5 ,6 ,7 ,8 - te t rahydroqu inazo l ine  1,3-dioxide (X). I t  may be postulated that  b romina t ion  product  VII has 
the s t ruc tu re  of 8 -b romo-5 ,6 ,7 ,8 - t e t r ahydroqu inazo l ine  1,3-dioxide.  The spec t r a l  data on the c~mpounds ob- 
tained (Tables  ! and 2) a r e  in a g r e e m e n t  with t he se  s t ruc tu r e s .  

As in the case  of a lky lpyr imid ines  [13], the n i t rosa t ion  of 1,3-dioxide VI by amyl  n i t r i te  in an acid m e d i -  
um produced oxime XI, which fo rms  with a smal l  yield when 8 , b romu  der iva t ive  VIII is t r ea t ed  with hydroxyl-  
amine  [14]. T h e r e f o r e ,  the n i t rosa t ion  of dioxideVI a l so  takes  place at  posit ion 8 of the he te rocyc le ,  and oxime 
XI has the s t ruc tu re  of 8 -hydroxy imino-2 -me thy l -5 ,6 ,7 ,8 - t e t r ahydroqu inazo l ine  1,3-dioxide.  

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

The IR spec t r a  were  r eco rded  on a UR-,20 ins t rumen t ,  and the UV spec t ra  were  r eco rded  on a Specord 
UV-vis  s p e c t r o m e t e r  in ethanol.  The PMR s pe c t r a  were  r eco rded  on a Varian A-56-60A ins t rument  in HMDS 
and terL-butanol  (aqueous solutions) as  in ternal  r e f e r e n c e s .  18-Crown-6 ,  which is p r o d u c e d a s  the Expe r imen-  
tal  Chemica l  Product ion Faci l i t ies  of the Novos ib i r sk  Inst i tute  o f  Organic  Chemis t ry ,  wan used in the work.  

N-[ (1-Hydroxyiminocyclohex-2 , -y l )methyl ]hydroxylamine  (I). A solution of hydroxylamine (which was ob- 
tained by neut ra l iz ing  0.23 mole of hydroxylamine  hydrochlor ide  with an equ~molar amount  of sodium methoxide) 
in 200 ml of methanol  was given an addition of a solution of 23.10 g (0.10 mole) of N- [ (1 -oxocyc lohex-2-y l ) -  
me thy l ] -~ -pheny ln i t rone  [15] in 100 ml of methanol over  the course  of 1 h. After  24 h the solvent  was dr iven 
off, and the res idue  was t r ea t ed  with e ther .  The prec ip i ta te  fo rmed  was f i l tered off, and 11.10 g (70%) of corm. 
pound I with mp 131,133~ ( f rom ethanol) were  r eco rded  f r o m  it by c rys ta l l i za t ion  f r o m  ethyl ace ta te .  Found: 
C, 53.4; H, 9.1; N, 17.6%. Calculated for  CTH14N202: C, 53.1; H, 8.9; N, 17.7%. 

Condensation of I with Formaldehyde ,  Acetaldehyde,  and Acetone.  These  condensat ion reac t ions  were  
c a r r i e d  out in analogy to [2] by adding, 1 ,3-hydroxyluminooxime I to solutions of formaldehyde and aceta ldehyde 
in 99,5% ethanol and acetone.  

5 ,6 ,7 ,8-Tet rahydroquinazol ine  1,3-Dioxide (V). Compound V was obtained by oxidizing II by act ive 
manganese  dioxide under the conditions in [1] in dioxane with pyridine with a 45% yield. 

2 -Methyl -5 ,6 ,7 ,8- te t rahydroquinazol ine  1 ,3-dioxide  (VI). A suspension of 18.6 g (0.0204 mole) of nickel 
sesquioxide [16] in 70 ml  of wa te r  was added with s t i r r i ng  to a solution of 3.13 g (0.017 mole) of compound III in 
80 ml of water .  Af ter  1 h the suspension was f i l te red  off, and a f t e r  the f i l t ra te  was sa tura ted  with sodium chlo- 
r ide ,  it was ex t rac ted  with ch lo roform.  The c h l o r o f o r m  solution was dried over  magnes ium sulfate and evapo-  
ra ted ,  and the res idue  was t r ea t ed  with an a c e t o n e - e t h e r  mixture .  Dioxide VI was f i l tered off, and the yield 
was 1.59 g. 
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In an analogous manner  1,3-dioxide V was obtained with a -5% yield by oxidizingII with active manganese 
dioxide or  nickel sesquioxide i n w a t e r .  

8 -Bromo-2-methyl ,5 ,6 ,7 ,8- te t rahydroquinazol ine  1,3-Dioxide (VIII). A. A solution of 0.93 g (5.8 mmole) 
of bromine in 20 ml of ch lo roform was added with s t i r r ing  to a solution of 0.90 g (5.0 mmole) of VI in 60 ml of 
chloroform,  and the mixture was held for 1 h. The react ion mixture was washed with a 3% solution of sodium 
dicarbonate and water .  The ch loroform solution was dried over magnesium sulfate and evaporated, and 0.73 
g of VIII was isolated by chromatographing the residue in a column with si l ica gel (the eluent was chloroform).  

B. A solution of 0.20 g (1.11 mmole) of VI and 0.29 g (1.63 mmole) of N-bromosuccinimide in 20 ml of 
ch loroform with a catalytic amount of concentrated sulfuric  acid was s t i r red  for 4 h. Compound VIII was iso- 
lated as in exper iment  A, and its weight was 0.085 g (29%). 

8-Bromo-5,6 ,7 ,8- te t rahydroquinazol ine  1,3-Dioxide (VII). Compound VII was obtained f rom V in an anal-  
ogous manner .  

8-Acetoxy-2-methyl-5 ,6 ,7 ,8- te t rahydroquinazol ine  1,3-Dioxide (IX). A catalyt ic amount of 18- crown- 6 
w a s  added to a suspension of 0.57 g (5.8 mmole) of potassium acetate in 25 ml of acetonitr i le .  After 15 min, 
0.50 g (1.93 mmole) of VIII was added, and the mixture was s t i r red  for 70 h. The precipitate was fi l tered off, 
the filtrate was evaporated,  and 0.29 g of product IX was recovered  by chromatographing the residue in a col-  
umn with s i l ica gel (the eluent was a 50:1 c h l o r o f o r m -  methanol mixture).  

8-Hydroxy-2-methyl-5 ,6 ,7 ,8- te t rahydroquinazol ine  1,3-Dioxide (X). A. A solution of 0.15 g (0.63 mmole) 
of IX in 7 ml of methanol was boiled for  16 h, and 0.4 ml of a 5% hydrochloric  acid solution was added in small  
portions during this t ime. The solvent was evaporated,  and 0.027 g (18%) of the original  compound IX and 0.045 
g (37%) of X were isolated by preparat ive  thin--layer chromatography on sil ica gel (the eluent was a 5:5:3:2 
Chloroform-  a c e t o n e -  me thano l -  ether  mixture).  

B. A solution of 1.0 g (3.87 mmole) of VIII in 70 ml of water  was given an addition of 17 ml of a 3% solu- 
tion of sodium bicarbonate and held for 6 days at  room tempera ture .  Then the solution was heated for 1 h 30 
rain at  70~ After  cooling, the solution was extracted with chloroform,  and the ch loroform solution was dried 
over  magnesium sulfate. After the solvent was evaporated,  0.48 g of compound X was isolated by chromato-  
graphing the res idue in a column with sil ica gel (the eluent was chloroform).  

8_Hydroxyimino-2-methyl-5 ,6 ,7 ,8- te t rahydroquinazol ine  1,3-Dioxide (XI). A solution of 0.11 g (3 mmole) 
of HCI in 5 ml of absolute ethanol at  0~ was given additions of 0.20 g (1.11 mmole) VI and then of a solution of 
0.26 g (2.22 mmole) of amyl  nitri te in 5 ml of absolute ethanol and s t i r red  for 2 h at 0~ The precipitate of XI 
formed was fi l tered and washed with ethanol. The yield was 0.092 g. 

Compound XI formed with a 5% yield when a solution of VIII was held with a 1.5-fold excess of free hy- 
droxyl amine over the course  of 4 days at  room te}nperature. 
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M A S S - S P E C T R O M E T R I C  S T U D Y  O F  A N T I B I O T I C S  

O F  T H E  P Y R I M I D O [ 5 , 4 - e ] - a s y m - T R I A Z I N E  

S E R I E S  

V. M.  A d a n i n ,  S .  E .  E s i p o v ,  A.  M .  Z y a k u n ,  
N . A .  K l y u e v ,  L ,  A.  S a b u r o v a ,  
a n d  V. A .  B o n d a r '  

UDC 543.51:547.859' 873 

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]. 

I 0~-~ IN,~ j N~. RO 7N N~. N O~IN .~ N~ 

CH 3 ~" "N CH N J CH3 "N N'fl 
O O O 

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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