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F O R M A T I O N  O F  2 , 3 , 6 , 8 - T E T R A A Z A B I C Y C L O [ 3 . 2 . 1 ] O C T - 3 - E N E  D E R I V A T I V E S  

IN R E A C T I O N  B E T W E E N  2 - A C Y L - 3 - I M I D A Z O L I N E  3 - O X I D E S  A N D  H Y D R A Z I N E  

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

A N D  1 , 2 , 4 - T R I A Z I N E  4 - O N I D E  

I .  A .  G r i g o r ' e v ,  G. I .  S h c h u k i n ,  UDC 542.91: 547.781.3:547.234 
S. A .  D i k a n o v ,  I .  K.  K u z n e t s o v a ,  
a n d  L.  B. V o l o d a r s k i i  

In the reac t ion  between 2 -ace ty l -4 -pheny l -3 - imidazo l ine  3-oxide (I) [1] and methy lhydraz ine ,  s e m i c a r b -  
az ide ,  and t h io semica rbaz ide ,  c a r r i e d  out a t  20~ the cor responding  monosubst i tu ted hydrazones  (II)-(IV) a r e  
fo rmed ,  which a r e  smoothly  oxidized by the act ion of pbO 2 in acetone to the co r respond ing  n i t roxyl  r ad i ca l s  
(v)-(vII) (Tables  1 and 2). 

Ph 0 Ph 0 Ph O 

\ / \ / \ N / \ / = N \ /  \ / = N \ /  P b o , \ / =  \ /  
/ \  N/Y,, + RNHNH~-~/\ N / l " ~ _ _  - - - > / \  N / t"f" 

J I  
I o , NNHR , NNHR 
OH OH 0" 
(I) (II) - -  (IV) (V) - -  (VII) 

R ~ Me (II), (V); CONH~ (III), (VI); CSNH2 (IV), (VII). 

Different  r e su l t s  a r e  obtained in the reac t ion  between (I) and hydraz ine  c a r r i e d  out under  s i m i l a r  condi-  
t ions.  In the UV spec t rum of the condensation product  (VIII), the absorp t ion  of the phenylni trone group is ab -  
sent ,  and in the IR spec t rum the re  a r e  no bands of the s t re tch ing  v ibra t ions  of  the C -----N ~ O group. In the 
PMR spec t rum of (VIII), a s ignal  of two OH groups ,  a signal of  the NH group,  and a broad s ignal  of phenyl 
r ing  protons a r e  obs e rved  in the weak field (Table 3). The s ignals  of protons  of the four  methy l  groups  in the 
PMR spec t rum of (VIII) appea r  ove r  a b roade r  rar~ge than in the case  of compounds (II)-(tV). The s t rong- f ie ld  
s ignal  at  0.48 ppm co r r e sponds  to the methy l  group fall ing within the zone sc reened  by the phenyl  ring. In the 
13C NMR spec t rum of (VIII), four s ignals  of the methyl  carbon a toms ,  th ree  signals  of qua te rna ry  C a t o m s ,  
four  s ignals  of phenyl carbon a t o m s ,  and a signal  of the C = N  group a re  obse rved  (Table 4). The products  of 

Novos ib i r sk  Insti tute of Organic  Chemis t ry ,  Siberian Branch,  Academy of Sciences of  the USSR. Inst i tute 
of Chemica l  Kinetics and Combustion,  Siberian Branch,  Academy of Sciences  of the USSR, Novos ib i r sk .  T r a n s -  
lated f r o m  Izves t iya  Akademii  Nauk SSSR, Seriya Khimicheskaya ,  No. 5, pp. 1092-1101, May,  1982. Original  
a r t i c l e  submit ted July 13, 1981. 
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TABLE 2. 

Compounds  Synthes ized  

Compound 

( I I )  
(III) 
(IV) 
(v) 
(vI) 
(vii) ,. 

( v l n )  - 
( i x )  
(x) 

( x i )  
(xII)" 
(XIII)e 
(XlV)" 
(xvD 

(XVII) 
(XVlII)e 
(XlX) e 

(XX) r 
(XXla) 
(XXIS) 
(XXlIa)C 

(XXlI D) 
(xxiv) 
(xxv).  

(xxvn) 

Yield 
070 

Yields ,  Mel t ing  P o i n t s ,  and E l e m e n t a r y  A n a l y s i s  Data of 

rap, "C 
Found, 

C H 

62,5 
56,3 
53,3 
62,3 
5~ ,9 
53,6 
6C ,4 
64,9 
5~ ,5 
6~ ,25 
62 
57 0 
63,2 
56 2 
58 8 
50 3 
52 8 
54 9 
63 i 
62 3 
59 6 
59 4 
67 6 
68 6 
55 0 

% 

Formula 
N 

C~sH2~N~O~ 
C,sHz,NsOa 
CisH21NsO2Sa 
CisH2tN,02 
C,~H~oNsOa 
C~HzoN~O2Sb 
Ct~H20N~02 
CtsH2oNzOs 
C~,H~TFN203 d 
C,6H2oN20~ 
C~sH2zN~Oz 
C~H~FN~O2e 
C~H22N~02 
C,0H~sN20a 
CgH~N202 
CgH,sN~02 
C,oH~oN~Oz 
C,H,sN~O 
C~H,eN~Oa 
C,aH,~N20a 
C~aH,sN~02 
C~sH,sN~O~ 
C~2H,sNsO 
C~aH~zNaO 
CvH~NaO 

Calculated, % 

C I-I N 

t9,3 
2t,9 

185-t86 
2iI-2t2 
t99-20I 
t04-t05 
t86-188 

i7;-t74 
202-204 
189-191 
162-163 
i65-167 
167-168 
i39-141 
143-i45 
143-t44 
J34-t36 
127-129 
152-I54 
156-t58 
168-t70 
155-157 
118-120 
187-189 
35-36 

20,9 
19,4 
22,0 
20,9 
20,8 
lO, I 
I0,0 
9,7 

a9,3 
19,o 
t8,6 
i3,1 
15,2 
26,2 
24,6 
28,3 
tL3 
11,3 
2t,4 
21,4 
t9,4 
18,5 
27,4 

a) Found S 9 .8g ,  ca l cu l a t ed  9.9o/~. 

b) Found S 9 .4g ,  ca l cu l a t ed  9 .9g .  

c) In the m a s s  s p e c t r u m  t he r e  is a peak  of M + with i n t e n s i t y  of 1-2g~. 
d) Found F 6.5~ ca l cu l a t ed  6.8%. 

e) Found F 6.3%, ca l cu l a t ed  6.5%. 

f) Found mol .  wt. 190 ( ebu l ioscop ica l ly  in ace tone ) ,  ca l cu la t ed  198. 

the r e a c t i o n  be tween  o the r  subs t i tu t ed  3 - i m i d a z o l i n e  3-oxides  (IX)-(XI) and h y d r a z i n e ,  (XII)-XIV) (Table  3), 

have  s i m i l a r  s p e c t r a l  c h a r a c t e r i s t i c s  (see Tab le  3). 
e ? 

o I & 

F r o m  the s p e c t r a l  c h a r a c t e r i s t i c s  and  the data  of e l e m e n -  

(agr, (ix)- fxi), (~v), (xvI) " Will), (XlI)-(XlV), (XVIII), (XIX) 

Me O 

! 0 

14 Me 

(xvii) (xx) 

R 1 = P h ,  R 2 = M e  ( I ) ,  (VIII); R 1-- p-MeC6H4, R 2 = Me (IX), (XII); R 1 = p-FCeHt, 
R 2 = Me (X), (XIII): R 1 : Ph, 1A 2 + R ~ = (CH2)4 (XI), (XIV); •1 : R 2  = Me (XV), 
(XVIII); R 1 = Et, R 2 = Me (XVI), (XIX). 

t a r y  a n a l y s i s ,  we a s s i g n e d  the s t r u c t u r e  of 2 , 3 , 6 , 8 - t e t r a a z a b i c y c l o  [3 .2 .1 ]oc t -3 -ene  d e r i v a t i v e s  to compounds  

(VIII) and  (?KII)-(XIV). 

In the r e a c t i o n  be tween the subs t i t u t ed  3 - i m i d a z o l i n e  3 -ox ides  (XV)-(XVII), with an  a l k y l n i t r o n e  group in 
t h e  h e t e r o c y e l i c  r i n g ,  and h y d r a z i n e ,  p roduc t s  (XVIII)-(XX) with a s i m i l a r  s t r u c t u r e  a r e  ob ta ined .  

In the r e a c t i o n s  be tween  subs t i t u t ed  2 - a c y l - 3 - i m i d a z o l i n e  3 -ox ides  and  h y d r a z i n e ,  the hyd r a z i ne  r e a c t s  
no t  o n l y  wi th  the c a r b o n y l ,  but a l so  with the n i t r o n e  group  [2]. 

9 7 4  
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TABLE 4. Data  of  13C-~1H} Spect ra  of  Compounds  (VIII), 
(XXIIa), and (XXIIb) 

Compound CH~ C CsH5 C~N 

(VIII) t46,4 

(XXIIa) 

(XXII6) 

18,4 (O) 
20,8 (C0 
22,5 (C 7) eudo 
27,7 (C 7) exo 

t8,5 (O) 
~8,9 (O) 
22,3 (C 7) exo 

16,3 (O) 
t9,6 (C0 
14,2 (C 7) endo 

72,2 (C7) b 
79,9 (C 5) 
82,5 (C ~) 

72,8 (C 7) C 
802 (C s) 
80,3 (C9 

79,0 (C 7) r 
79,8 (C 5) 
80,7 (C') 

i26,4 
t27,5 
127,9 
t38,7 

t26,8 
127,6 
t27,9 
t38,0 

t25,7 
126,1 
t26,2 
139,4 

149,2 

t44,9 

a) In the a s s i g n m e n t  of s igna ls  of  exo -  and e n d o - m e t h y l  
g roups  at  C 7, 2 - e x o - m e t h y l - ,  2 - e n d o - m e t h y l - ,  and 2 ,2 -d i -  
me thy lb i cyc lo  [2 .2 .1]heptanes  (norbornanes )  [3] s e r v e d  as  
mode l  compounds .  
b) In ana logy  with the c o r r e s p o n d i n g  s ignals  of  compound 
(XXIIa). 
c) The C 7 s ignal  in the f o r m  of  a doublet  in the 13C-{1H} NMR 
s p e c t r u m  with ex t e rna l  r e s o n a n c e  i r r ad i a t i on  of p ro tons .  

In a c c o r d a n c e  with the b r idged  s t r u c t u r e  of  the b icye l ic  p roduc t s  of the condensa t ion  of  2 - a c y l - 3 - i m i d a z o -  
line 3 -ox ides  with h y d r a z i n e ,  we can expec t  the f o r m a t i o n  of  two c o r r e s p o n d i n g  e x o -  and e n d o - i s o m e r s  for  the 
i s o m e r i c  2 - a c e t y l - 3 - i m i d a z o l i n e  3 -ox ides ,  conta in ing  unequal  subs t i tuents  in the 5 posi t ion  o f  the h e t e r o c y c l i c  
r ing.  In fac t ,  in the r e a c t i o n  between (XXIa) and (XXIb and h y d r a z i n e ,  e x o -  (XXIIa) 

r ~ - NH2 . - -NH 

RX ~/-O C ]/0 [ R~._N.~ 01 C///~'~ 

N NH2NH)~ "'" -'" N ) N ~ N 

1 1 
N - X  =OH, H. X X 

and e n d o - 6 , 8 - d i h y d r o x y - 4 , 5 , 7 - t r i m e t h y l - l - p h e n y l - 2 , 3 , 6 , 8 - t e t r a a z a b i c y c l ~  [3 .2 .1 ]oc t -3 -enes  (XXIIb) a r e  f o r m e d :  

[-- / ~NH2 "~ 

0Ill [_lMe~" ~]JOH "Me -J H~ "~x_!t[ '~N ~"q'X/fl~ 
(XXIa) tram (XXO0a) exo 

Ph / 
" e ' N ~  " ' 'COMe' '~ / Ph )g/ "~N 

OH l I 
(xxrb) et5 o~ 

(xXIIb) endo 

Isomers (XXIIa) and (XXIIb) have IR and UV spectra similar to those of compounds (VIII) and (XII)-(XIV), 
but have different melting points and IH and 13C NMR spectra (see Tables 3 and 4). The PMR spectra of (XXIIa) 
and (XXIIb) d i f fer  m o s t l y  in the posi t ion  of  the me thy l  group double ts  at  C 7. The 0.51 ppm shift  of  this  s ignal  to 
the s t r o n g e r  field in the s p e c t r u m  of  the exo i s o m e r  is due,  as  in the c a s e  of  (VIII), to the an i so t rop i c  e f fec t  of  
the phenyl  r i n g  p r e s e n t  in the cis  pos i t ion  to the CH 3 group.  In the s p e c t r u m  of the endo-  i s o m e r  (XXIIb), this  
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signal is observed at the same ppm value as the signals of the methyl groups at C 7 in l-alkyl-substituted, 
7,7,-dimethyl-2,3,6,8-tetraazabicyelo[3.2.1]oct-3-enes (XVIII), (XIX). In the 13C NMR spectrum, the signal 
of the exo-CH 3 group of isomer (XXIIa) is shifted 8.1 ppm more to the weaker field than the signal of the 

endo-CH 3 group of (XXIIb). A larger difference in chemical shifts of the CH 3 groups than in exo- and endo- 

methylnorbornanes (5.3 ppm) [3] is apparently due to the deactivating action of the bridged hydroxylamino 

group in the (YXIIa) isomer. 

From the structure of isomers (XXIIa) and (XXIIb), the structure of trans-(XXIa) and cis-isomers (XXIb) 
was unequivocally established; these are formed as a 45 : 55 mixture (according to PMR during the condensa- 
tion of anti-N-(l-oximino-l-phenyl-2-propyl)hydroxylamine [4] with diaeetyl. Isomers (XXIa) and (XXIb) were 
isolated in a pure state by often-repeated recrystallization from alcohol. 

During the oxidation of (VHI), (XII), (}{IV), (XVII[), and (XIX) by the action of PbO 2 under the conditions 
of preparation of radicals (V)-(VII), diamagnetic products, 3,5,6-trisubstituted 1,2,4-triazine 4-oxides (XXIII)- 
CXXVII), were unexpectedly obtained in yields of 60-80~. During the oxidation, the solution acquired a yellow 

color, characteristic of solutions of nitroxyl radicals. This color disappeared at the end of the reaction. In 
the thin-layer chromatographic analysis of the reaction mixture in oxidation of (VIII), besides 1,2,4-triazine 
N-oxide (XXIII) (Rf ~ 0.6 on Silufol in a mixture of CHCI 3 and ETCH, 15 :I), and the initial (VIII) (Rf ~ 0.4), a 
new yellow compound with Rf ~ 0.5 was observed. At the end of the oxidation, only a single compound, 5,6-di- 
methyl-3-phenyl-l,2,4-triazine 4-oxide (XXIII) was observed in practice. It is possible that the yellow com- 
pound, formed as an intermediate during the oxidation of (VIII), is either the radical (A) or (B), or biradical (C) 

0 
t{ t N/OIl[ ~I ~ 0  R! N'~O R 1 ! R 2 

�9 

(A) (]3) (C) (XXIII) - (XXVII) 

It could be expected that if amilder one-electron oxidizing agent is used in a homogeneous medium~ the 
formation and recording of the paramagnetic particle (A), (B), or (C) would be possible during the oxidation of 
(VIII). We used for such an oxidizing agent the nitroxyl radical, 2,2,4,5,5-pentamethyl[dih]-3-[15N]imidazolin - 
l-[~hN]oxyl 3-oxide (XXVIII). The oxidation of (VIII) by radical (XXVIII) was carried out in an ampul of an EPR 
spectrometer in CHCI 3. The isotopic substitution of fIN for lhN in the nitroxyl fragment of radical (XXV[[I) was 
carried out to avoid superposition of the line of this radical on that of the expected radical (A), (B), or biradical 
(C) in the EPR spectrum. In the EPR spectrum of a solution containing radicals with isotopes of two types 

(14N and 15N) in the '\N--'O fragment, the components of the doublet are distributed between middle and edge 
/ 

components of a triplet, and do not overlap. In our experiment it was thus possible to analyze the form of the 
lines in the EPR spectrum of the expected radical, and to determine the relative equilibrium amount of the 
formed and initial radicals in the solution. The deuteration of the methyl groups and the isotopic exchange of 
14N for 15N at the 3 position of the heterocyclic radical CKXVIII) leads to narrowing of its lines in the EPR 
spectrum 

CD 3 0 
15 ! " phN/Ot{ 

(VIII) + D3 CI ~ /  \CD3 ~ N~ 

ol. /5 N 

(xxvlu) {XXlX) 

CD~ 0 

D3C~ \ ~ /  \CD3 

OH 

In the EPR spectrum of a solution initially containing 2.5 �9 10 -3 M of (VIII) and 5 " 10 -4 M of (XXVIII) in 
CHCI 3 (Fig. 1), besides the doublet of narrow lines with splitting at 20.2 Oe, a triplet with splitting at a14 N = 
15.80e, similar to the usual one for the nitroxyl radicals, is also observed [5]. The lines of this triplet have 
an additional hyperfine structure (hfs). To explain this hfs, we carried out similar experiments with compound 
(VIII*) in which the bridge 1451 atom was substituted for 15N. The isotopic substitution of N led to a change in 
the additional hfs of the triplet components: The triplet of triplets (Fig. la) converts into a triplet of doublets 
(Fig. lb) which indicates the formation of type A radical (XXIX*) in the oxidation of (VfII*). The additional 
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Fig. 1. EPR spec t rum of a mix ture  of 
8 - h y d r o x y - 4 , 5 , 7 , 7 - t e t r a m e t h y l - l - p h e n y l -  
2 ,3 ,6 ,8- te t raazab icye lo  [3.2.1]o c t -  3 - e n - 6 -  
oxyl  (XXIX) and rad ica l  (XXVIII) a t  20~ 
(a) and 8 - h y d r o x y - 4 , 5 , 7 , 7 - t e t r a m e t h y l - 1 -  
phenyl-  2,3,6,8 [15 N ] - t e t r a a  z abi cyc lo [ 3.2.1 ] - 
o c t - 3 - e n - 6 - o x y l  (~:XIX*) and rad ica l  
(XXVIII) in CHC13 at  20~ (b). 

spli t t ing is due to i so t ropic  hyperf ine coupling (hfc)of  the unpaired e lec t ron  of rad ica l  (XXIX*)withthenucleus of 
15N of the br idge hydroxylamino group. The constant  of the i so t ropic  hfc with this nucleus,  obtained f rom the 
f i r s t  and second der iva t ives  of  the EPR spec t rum,  is equal ~o a14NSiSNS=2.35 * 0.2Oe. Hence, fo r the i4Nnuc leus ,  
this constant  is equal to al4N8 = 1.68 Oe, since the magnet ic  momen t  of  the 14N nucleus is lower by a fac tor  of 
1.4 than that  for  ~SN. Analys is  of hfs of t r ip le t  components  of r ad ica l  (~XIX) was c a r r i e d  out by using the a t las  
of EPR spec t ra  [6], a s suming  that  each component  of the fundamental  t r ip le t  cons i s t s  of three  components  with 
the s ame  intensi ty,  and gives the value a14N8 = 1.63 �9 0 . 1 0 e ,  which a g r e e s  well  with the value of the constant ,  
found by using isotopic substi tution. Simi lar  r e su l t s  a r e  also obtained during oxidation of compounds (XII)-(XIV), 
(XVIII), and (XIX) by rad ica l  (XXVIII). In the solution (c ~ 10-3-10 -2 M), r ad ica l s  of type {A) a r e  stable for  a 
long t ime ,  and the intensi ty of the EPR spec t r a l  l ines r e m a i n s  constant  for  s e v e r a l  weeks.  

F rom the r e s u l t s ,  it can be concluded that mild  oxidation of the 6 ,8 -d ihydroxy-4 ,5 ,7 ,7 - t e t r aa lky l -2 ,3 ,6 ,8 -  
t e t raazab icyc lo[3 .2 .1 ]oc t -3 -en  de r iva t ives  gives r ad ica l s  of  de r iva t ives  of 8 -hydroxy-4 ,5 ,7 ,7 - t e t r aa lky l -2 ,3 ,6 ,  
8 - t e t r aazab icye lo [3 .2 .1 ]oc t -3 -en -6 -oxy l  (type (A). Radical  of  type B is not fo rmed  during the oxidation of c o m -  
pound ggX) by the action of PbO 2 o r  under the above expe r imen ta l  conditions.  

During oxidation of a suspension of compound {VIII) by an aqueous solution of 2 ,2 ,3 ,4 ,5 ,5 -hexamethy l -3-  
i m i d a z o l i n i u m - l - o x y l  methyl  sulfate (XXX) [7], and continuous ext rac t ion  with CHC13, CC1 o o r  e ther ,  the o r -  
ganic l ayer  acqu i res  a yellow color ,  and the aqueous layer  becomes  decolor ized.  The TLC of the organic  layer  
shows the fo rmat ion  of rad ica l  (X:~:IX), with an inapprec iable  admix ture  of (XXIII). In the IR spec t rum of so lu-  
tion of r ad ica l  ( ~ I X )  in CC14, bands of s t re tch ing  v ibra t ions  of the OH and NH groups a r e  obse rved  at  3580 and 
3380 cm -1, and the genera l  fo rm of the spec t rum is s i m i l a r  to that of the init ial  (VIII). In an a t t empt  to isola te  
(XXIX) in a pure  s ta te ,  i .e . ,  by r emoving  the solvent ,  the r e s idua l  yellow m a s s  of r ad ica l  (:~XIX) becomes  de-  
co lor ized  in the cour se  of a few hours ,  and t r i az ine  N-oxide (XXIII) and compound (VIII) a r e  fo rmed  in a p p r o x -  
imate ly  equal r a t ios  (according to PMR). In this case ,  d ispropor t ionat ion  of r ad ica l  (XXIX) takes  place ,  a p -  
paren t ly  through the format ion  of an unstable b i rad ica l  (XXXI), conver t ing  into (XXIII). 

2 (xxIx) ----)-(viii) + 

N 
Ph I ; o  " Ph 

(XXXI) (XXIII) 

During oxidation of 6 ,8 -d ihydroxy-4 ,5 ,7 ,7 - t e t r aa lky l -2 ,3 ,6 ,8 - t e t r aazab icyc lo [3 .2 .1 ]oc t -3 -enes  by an ex ces s  
of PbO 2, the reac t ion  is comple te ly  shifted in the d i rec t ion of fo rmat ion  of 1 ,2 ,4- t r iaz ine  4-oxides .  
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E X P E R I M E N T A  L 

The IR spectra  were recorded  on a P e r k i n - E l m e r - 1 8 0  spec t rophotometer  in KI~r (c ~ 0.25 and 0.5~). 
The UV spectra  were run on an SF-16 apparatus  in EtOH. The PMR spectra  were recorded  on a Varian A56- 
60A apparatus  for 7-10~. solutions in DMSO-d~ or  CD3OD with re fe rence  to HMDS as internal standard. The 
i3C NMR spectra  were recorded  on a Varian XL-200 spec t rome te r  for 10-15~ solutions in DMSO-d6 with r e f -  
erence  to the solvent signal (39.6 ppm). The EPR spect ra  were recorded  on an EPR-3  Sibir '  apparatus ,  and 
the samples  were evacuated in vacuo to 10 -3 Corr. The spec t ra l  cha rac t e r i s t i c s  of the compounds are  listed 
in Tables 1, 3, and 4, and data of e lementa ry  analysis  in Table 2. 

2 -Ace ty l - l -hydroxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -3 - imidazo l ine  3-Oxide Methylhydrazone (If). A solution 
of 1.65 g of methylhydrazine sulfate in 3 ml of Et3N and 5 ml of water was added to a solution of 1.5 g of ([) 
in 30 ml of ethanol. After  5 h, the alcohol was evaporated,  and the precipi tate  was f i l tered,  washed with water ,  
and dried. An additional amount of (II) was isolated by extraction of the fi l trate with CttC13. Compound ([~) 
was rec rys ta l l i zed  f rom ethanol. 

2-Acetyl-l-hydroxy-2,5,5-trimethyl-4-phenyl-3-imidazoline 3-Oxide Semiearbazone (III). A solution of 
0.68 g of NH2CONHNH 2 �9 HC1 in 15 ml of water was added to a solution of 1.6 g of (I) in 30 ml of ethanol, and 
the mixture was left to stand for 12 h. The precipi ta te  of (lII) was fi l tered,  washed with water ,  and r e c r y s t a l -  
Iized from ethanol. 

2 -Ace ty l - l -hydroxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -3 - imidazo l ine  3 oxide th iosemiearbazone (IV) was ob-  
tained s imi la r ly  by the action of NHuCSNHNH 2 �9 HC1 on (I). 

Compounds (H)-(IV) were oxidized into ni troxyl  radicals  by PbO 2 in acetone [1]. Methylhydrazone (V) 
was rec rys ta l l i zed  from alcohol,  semicarbazone  (VI) was purified by chromatography on a solumn with SiO 2 
( e l u e n t -  CHC13) , and th iosemicarbazone (VII) was rec rys ta l l i zed  from acetone. 

2 -Ace ty l - l -hydroxy- imidazo l ine  3-Oxides. The condensation of N - ( 2 - m e t h y l - l - o x i m i n o - l - p - t o l y l - 2 -  
propyl)hydroxylamine [8], N- (2 -methy l - l -ox imino-p- f luoropheny l -2 -p ropy l )hydroxy lamine  [8], N- (2 -methy l -  
3-oximino-2-pentyl)hydroxylamine [9], an t i -N- (1 -ox imino- l -pheny l -2 -p ropy l )hydroxy lamine  [4], and 3-amino-  
3-methyl-2-oximinobutane [10] with diaeetyl  was ca r r i ed  out according  to [1]. Compounds (IX), (X), and (XVI} 
were recrys ta l l i zed  from ethanol, and compound (XVII) from acetone.  I somer  {XXIa) was obtained af ter  f ive-  
fold repeated crys ta l l iza t ion of the mixture of (XXIa and b) f rom ethanol. The mother  liquor of the f i rs t  c r y s -  
tall ization was evaporated,  and the remaining precipitate r ec rys ta l l i zed  twice from ethanol. Pure  i somer  
(XXIb) was obtained. The spec t ra l  cha rac t e r i s t i c s  of (IX), (X), and (XXIa and b) a re  s imi lar  to those of (I), and 
the cha rac t e r i s t i c s  of (XVI) and (XVII) to those of (XV) [1]. 

2-Acety l - l -hydroxy-2 ,5 ,5- t r imethyl -4-phenyl -3[15N]imidazol ine  3-Oxide ([*). A solution of 0.23 g of 
15NIt2OH �9 HC1 (950/~ content of I~N) in 3 ml of water  was added to a solution of 0.36 g of N - ( 2 - m e t h y l - l ~ x o - 1 -  
phenyl-2-propyl)hydroxylamine [11] in 15 ml of ethanol. The mixture was neutra l ized by Na2CO3, heated for  
6 h at  50~ and left to stand for 24 h at 20~ The solvent was evaporated,  and the precipitate washed with 
water ,  f i l tered,  dried (wt. 0.33 g), and condensed with diacetyl  according  to [1]. in the IR spect rum of (I*), the 
vC=ASN band is shifted by 20 cm -i into the low-frequency region in compar ison with the ~C = i4N band in ([). 

5 ,5 -Dimethy l - l -hydroxy-2- ( sp i rocye lohexan-2-one) -4 -pheny l -3_ imidazo l ine  3-Oxide (X[). A 3.5 g p o r -  
tion of cyclohexane-l,2-dione was added to a suspension of 5 g of N-(2-methyl-l-oximino-l-phenyl-2-propyl)- 
hydroxylamine in 100 ml of MeOH, and the mixture was boiled for 6 h. Methanol was evaporated, the residue 
was washed by water, and the precipitate of (XI) was filtered and recrystallized from ethanol. The spectral 
characteristics of (XD are similar to those of (1). 

Reaction of 2-Acyl-3-imidazoline 3-Oxides (1), (IX)-(XI), (XV)-(XVII), (XXIa), (XXIb)with Hydrazine 
Hydrate. A 2 ml portion of hydrazine hydrate was added to a solution of 1.5 g of 2-acyl-3-imidazoline 3-oxide 
in 70 ml of ethanol, and the mixture was left to stand for 6-10 h. The solvent was evaporated, and the precip- 
itate of the 2,3,6,8-tetraazabicyclo[3.2.1]oct-3-ene derivative was filtered, washed with water, dried and re- 
crystallized from ethanol. Compound (VIII*) was obtained similarly from (I*). 

Oxidation of 2,3,6,8-Tetraazabicyclo[3.2.1]oct-3-ene Derivatives. A 2 g portion of PbO 2 was added to a 
suspension of 0.65 g of (VIII) in 30 ml of acetone, and the mixture w~s t i r r ed  for 10 h. The mixture was fil- 
tered, the filtrate was evaporated, and the residue chromatographed on a column with SiO 2 (eluent - CHCI3) , 
and recrystallized from heptane. The melting point and the spectral characteristics of (XXIII) were identical 
with those given in [12]. Similarly, compounds (XXIV)-(XXVII[) were obtained from (X[[)-(XIV), (XVIII), and 
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(XIX), respectively. 5,6-Dimethyl-3-p-tolyl-l,2,4-triazine 4-oxide (XXIV): UV spectrum (}`max, nm): 262 
(log e 4.43). PMR spectrum (in CCI4, 5, ppm): 2.37 s (3 H, CH3C6H4) , 2.49 s and 2.70 s (3 H and 3 H, 5,6-CH3) , 
7.27 d (2 H, m-CGH4, J = 8 Hz), 8.22 d (2 H, o-C~H4, J = 8 Hz). 3-Phenyl-5,6,7,8-tetrahydrobenzo[e]l,2,4- 
triazine 4-oxide (XXV): UV spectrum (}`max, nm): 260 (log e 4.33). PMR spectrum (CDCI2): 1.66-2.05 m and 
2.67-3.22 m (4 H and 4 H, 4CH2) , 7.25-7.55 m and 8.05-8.35 m (3 H and 2 H, C6H5). 3,5,6-Trimethyl-l,2,4- 
triazine 4-oxide (XXVI), yield 60~. Melting point and spectral characteristics are similar to those described 
in [13]. 5,6-Dimethyl-3-ethyl-l,2,4-triazine 4-oxide (XXVII) was purified by sublimation. UV spectrum 
(}'max, nm): 226 (log ~ 4.20), 272 (3.94). PMR spectrum (CDCI3): 1.37 t (3 H, CH3CH2) , 2.44 s and 2.64 s (3 H 
and 3 H, 5,6-CH3) , 3.08 q (2 H, CH3CH2). 

The synthesis of radical (XXVIII) will be reported in a separate article. 

C O N C L U S I O N S  

1. Reaction of 2-acyl-l-hydroxy-3-imidazoline 3-oxides with monosubstituted hydrazines leads to mono- 
substituted hydrazones, derivatives of 2-acyl-l-hydroxy-3-imidazoline 3-oxide, which on oxidation give stable 
nitroxyl radicals of the imidazoline series. 

2. In the reaction between 2-acyl-3-imidazoline 3-oxides and hydrazine, an intramolecular cyclization 
takes place with the formation of a new heterocyclic system, 2,3,6,8-tetraazabicyclo[3.2.1]oct-3-ene. 

3. The oxidation o f 6,8-dihydroxy- 4,5,7,7 -tetraalkyl-1 -R-2,3,6,8-tetraazabicyc lo [ 3.2.1]oct-3-ene s leads 
to bicyclic nitroxyl radicals, 8-hydroxy-4,5,7,7-tetraalkyl-l-R-2,3,6,8-tetraazabicyclo[3.2.1]oct-3-en-6 oxyls, 
which on oxidation give 1,2,4-triazine 4-oxides. 
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