
I N V E S T I G A T I O N  O F  M A C R O C Y C L I C  C O M P O U N D S  

F O R M E D  I N  T H E  T E M P L A T E  S E L F - C Y C L I Z A T I O N  

O F  D E R I V A T I V E S  O F  5 - A M I N O - 4 - [ ( 2 - H A L O -  

P H E  N Y L ) A  Z O ]  P Y R A  Z O L E S  

V.  M.  D z i o m k o ,  L .  G .  F e d o s y u k ,  
K .  A .  D u n a e v s k a y a ,  Y u .  S .  R y a b o k o b y l k o ,  
A .  V.  K e s s e n i k h ,  R .  V.  P o p o n o v a ,  
a n d  R .  S.  K u z a n y a n  

UDC 541.572.54:547.773' 779' 863 

When the t empla te  se l f -  cycl iza t ion of 5 - a m i n o - 4 -  [ (2-bromophenyl)a  zo]- 3- methyl -  1 - i sopropy lpyrazo le  
(Ia) is  c a r r i e d  out accord ing  to the method in [1], a s ignif icant  amount  of a less  soluble i s o m e r  fo rms  along 
with the expected  1 ,10,11,20- te t rahydrodibenzo[c , j ]d ipyrazolo[3 ,4-f ;  3 ' , 4 ' - m ]  [1 ,2 ,5 ,8 ,9 ,12]hexaazoeyclote t ra .  
decene der iva t ive .  In o rde r  to ref ine  the s t r u c t u r e s  of the mae rocyc l i c  compounds obtained, we c a r r i e d  out 
this synthes is  by s t a r t ing  out with compound Ib, which contains the I~N isotope in the pyrazole  r ing.  

Compounds II and III were  isola ted.  When the reac t ion  was c a r r i e d  out with pyrazole  Ia  in DMSO, we ob- 
s e rved  the predominant  fo rmat ion  of IIIa,  and when the t e m p e r a t u r e  was lowered,  we observed  the fo rmat ion  of 
the in te rmedia te  o -b i s azo  compound IV, which cycl ized to f o r m  IIIa upon heating to a higher t e m p e r a t u r e .  After  
the oxidation of the products  of the reduct ive  c leavage of iIa,  we isola ted compound V, which apparen t ly  fo rmed 
as a r e su l t  of the oxidative eycl iza t ion of 4 - amino -5 - [ (2 - aminopheny i ) amino ] -3 -me thy l - l - i sop rO~y lpy razo l e .  
The reduct ive  c leavage of IIIa resu l ted  in the fo rmat ion  of o-phenylenediamine ,  which was isolated in the f o r m  
of de r iva t ive  VI. 
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The s t r u c t u r e s  of compounds I -V  a r e  conf i rmed  by the i r  1H and 13C NMR spec t r a .  The a s s ignment  of the 
AA'BB'  s y s t e m s  in the PMR spec t r a  of compounds III and IV was made by the method of double homonuclear  
resonance .  Both AA'BB'  s y s t e m s  for the s ignals  of the a r o m a t i c  protons in compound III were  calculated ac -  
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TABLE 1. PMR Spect ra  of Compounds I -V  (chemical  shif ts  ~ in 
ppm re la t ive  to TMS, CDCI3, 30~ 

Ptotom ] a Hb Hld iw v 

1,64 d CH3 (i-Pr) 

CHs (Pyr) 
CH (i-Pr) 
3-H 
4-H 
5-H 
6-H 
3-W 
4-H' 
5-H' 
6-H' 

1,37 d 

2,46 s 
4,06sep 
7,59 
7,26 " 
7,03 
7,75 

l,O~ d 
1,54dC 
233 
4,36sep 

{ 6,57--6,85 m 

7,76q 

1,01 d d 
1.57 
2,38 s 
4,47 sep 
7,51 
6,82 
6,82 
7,51 
6,68 
7,00 
7,00 
6,68 

1,02 d, 1,08 d 
1,14 d, 1,15 d 
2,35 s., 2,44 s 
3,02sep, 3,20 sep 
8,04--8,16 m 
7,02--7,20 m 
7,02--7,20 m 
8,04--8,16 m 
7,73 

{7,30--7,45 m 

2,81 s 
5,31 m 
8,16m 
7,70 m 
7,70 m 
8,16m 

as ignal  of protons  of an NH 2 group at 6.44 ppm. bin a CC14 solution. 
CThe two doublets  m e r g e  into one a t  54~ [1]. dThe chemica l  shif ts  
of the a r o m a t i c  protons  were  calculated accord ing  to spin s imu la -  
t ion p r o g r a m  ona  Var ian  620-L mini compute r ,  es ignal  of the p ro-  
ton of an NIt group a t  2.82 ppm. 

cording to the spin s imula t ion  p r o g r a m  on a Var ian  Da ta -620-L  mini compute r  (Table 1) with the following 
p a r a m e t e r s :  Js4 =Js6 = 7.8, J35 =J46--  1.5, J4s = 0.3, J3'4' = J5'6' = 7.5, J3's '  =J4 ' r  -- 1.6, J4'5' = 0 Hz.* 

The magnet ic  equivalence of the protons and of the carbon nuclei  of the pyrazole  r ings  in the spec t r a  of 
compounds II and HI conf i rms  the ex is tence  of a s y m m e t r y  plane in the molecules  of these  compounds.  As a 
r e su l t  of  the slowed rota t ion  of the i sopropyl  groups ,  the spec t r a  of these  compounds each show two doublets of 
methyl  protons  and two signals  of the ca rbon  nuclei ,  while the spec t rum of compound IV shows four doublets of 
the protons and four ca rbon  s ignals  of the methyl  groups  due to the additional inequivalenee of the pyrazole  r ings.  

The s t ruc tu re  of the chelate r ings  in compounds H and HI was es tabl i shed on the bas i s  of an analys is  of 
the absolute  values  of the s p i n - s p i n  coupling constants  Jt3C_I5 N in the t3C NMR spec t r a  of  the compounds,  

which were  labeled with the tSN isotope.  The fact  that  the s p i n -  spin coupling constants  of t3C and 15N nuclei 
through the same  num ber  of bonds a r e  de te rmined  by the spat ia l  p rox imi ty  of the pa r t i cu la r  t3C a tom to the lone 
pa i r  of the t5N a t o m  [2] was ut i l ized in the conformat ional  ass ignment .  

The c loseness  of the chemica l  shif ts  and the values  of the s p i n - s p i n  coupling constant  Jt3c_tsN for the 

equivalent  ca rbon  a toms  (7-7 ' ,  8 -8 ' ,  and 9 - 9 ' ) i n  the spec t r a  of compounds IIb and IIIb (Table 2) points out the 
identical  or ienta t ions  of the lone pa i r s  of the l~N a toms  in these  compounds re la t ive  to the pyrazole  ring. 

An examinat ion  of the theore t i ca l ly  poss ib le  configurat ions of the chelate r ings  in compounds II and III 
makes  it poss ible  to e l iminate :  1) the migra t ion  of a t~N a tom f r o m  the ~ posit ion to a pyrazole  in the azobond 
and 2) the poss ib i l i ty  of  the fo rmat ion  of a f i v e - m e m b e r e d  meta l -conta in ing  chelate r ing on a pyrazole  r ing 
r a t h e r  than a benzene or a s i x - m e m b e r e d  meta l -conta in ing  chelate r ing on a benzene ring r a the r  than on a py- 

r a  zole. 

For  example ,  in the case  of the migra t ion  of a tSN a tom in compound II f r o m  the ~ to the /~ posit ion r e l a -  
t ive to a pyrazole  r ing in an azo  bond (this migra t ion  would have to take place in both azo bonds in o rde r  not to 
des t roy  the equivalence of the s ignals  of the carbon a toms  of the benzene and pyrazole  r ings  when they in te rac t  
withthe 15N nuclei),  r ep l acemen t  of  the s p i n - s p i n  coupling constants  for the C 2 a tom (3Jc is - t rans  by 3Jcis_cis) 
for  the C 7 a tom (2Jci s by 2Jtrans),  and for  the C 9 a tom (~Jtrans by 2Jei s) should have been expected.  The las t  
two changes in p rac t i ce  would mean  the r e v e r s a l  of  the ass ignment  of the s ignals  of the C 7 and C 9 a toms  in the 
t3c NMR s p e c t r u m o f  compound II .  However ,  the a s s ignment  of the signal  of the C 7 a tom is conf i rmed by the 
Overhause r  effect  when the protons  of the methyl  group on the C7 a tom in these  compounds a r e  se lec t ive ly  i r -  
rad ia ted .  The format ion  of a f i v e - m e m b e r e d  meta l -conta in ing  chelate  r ing on a pyrazole  r ing and of a s ix-  
m e m b e r e d  r ing on a benzene r ing in compound II would have resu l t ed  in the r e p l a c e m e n t  of the s p i n - s p i n  cou-  
p l ingcons tauts  f o r t h e C i  a tom (2Jci s by ' J ) ,  for the C 2 a tom (3Jcis_tran s by 2Jcis), and for the C 6 a tom (3Jcis_ci s 

*Here  and in the following the number ing  of the a t o m s  which is  convenient  for  the in te rpre ta t ion  of the NMR 

s p e c t r a  is  given. 
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T A B L E  2. C a r b o n - 1 3  NMR S p e c t r a  of Compounds  I - V  ( c h e m i c a l  
sh i f t s  a in p p m  r e l a t i v e  to  TMS, CDC13, 30~ a 

Carbon a t o m s  I 11 111 IV v 

12,37 12,36 CH3 (Pyr) 

CH3 (i-Pr) 

CH (i-Pr) 

CI 
C2 
C~ 
Ca 
Cs 
C6 
Cv 
Ca 
C9 
C I , 
C2, 
C 3, 
C 4, 
C 5, 
C 6, 
C 7, 
C 8, 
C9, 

11,16 

20,92 

47,44 

149.60 
123,03 
132,91 
127,91 
t28,74 

18,90 
22,01 

51.34 

148,65 
142,76 
122,97b 
t25,57 b 
117,51 

18,93 
22,35 

51,36 

142,46 
142,46 
115,34 
127,06 
127,06 

11,86 
12,12 
20,70 
20,95 
21,69 
22,t2 
47,08 
49,52 

145,01 
144,76 
115,67 
125,44 
125,89 

116,70 
148,48 
124.62 
137,81 

115,74 
149,97 
136,29 
138,84 
148,65 
142,76 
122,97 b 
115,74 
125,57 b 
117,5,1 
149.97 
136129 
138,84 

115,34 
149,68 
134,57 
138,49 
143,08 
143,08 
121,63 
121,63 
117,42 
t17,42 
149,68 
134,57 
138,49 

116,00 

129,96c 

146,50c 
124,00 
133,44 
t27,87 
128,42 
t29.43 
147,05 
135,83 
137,71 

11,78 

21,92 

48,76 

130,43 
130,43 
128,66 
127,13 
127,13 
128,66 
141,92 
136,86 
140,93 

a V a l u e s  of  J t 3 c - l s N  in Hz. F o r  Ib:  C 1, 2j = 6.0;  C 2, 3j = 3.1;  C6, 
3j = 5.3;  C 7, 2,1 = 7.7; C8, t j  = 1.9. F o r  l i b :  Ct(1,), 2ff = 6.0; C2(2,), 

3j  = 2.2;  C6(6, ), 3j = 4.2;  C7(7,), 3j = 8.3; C8(8,}, J = 4.7;  C9(9,), 2j = 

0.9. F o r  I I Ib:  Ci(2) , 2j = 6.2;  3j = 1.9; C3(0, 3j = 4.3;  C7(7,), 2j = 

8.4; C8(8,), t j  = 4 .8;  C9(9, ), 2,.1 = 0.8. bThe  a s s i g n m e n t  of  the  s i g n a l s  
of  t h e s e  p a i r s  of c a r b o n  a t o m s  m a y  be  the  r e v e r s e .  CThe s i g n a l s  o f  
t h e s e  c a r b o n  a t o m s  a r e  s u p e r i m p o s e d  on o t h e r  m o r e  i n t e n s e  s i g n a l s .  

by 2J t ran  s) and the a p p e a r a n c e  of  3 J c i s _ t r a n  s fo r  C 3 and 3 J t r a n s _ t r a n  s fo r  C 5. The  c h a n g e s  in the  s p i n -  sp in  
coup l ing  c o n s t a n t s  fo r  t he  C 6 and C 3 a t o m s  in p r a c t i c e  m e a n  the  r e v e r s a l  of  the  a s s i g n m e n t  of  t he  s i g n a l s  of  the  
C 6 and C a a t o m s  in the  t3C NMR s p e c t r u m  of  c o m p o u n d  II .  H o w e v e r ,  the  a s s i g n m e n t  of  the  s i gna l  of  the  C 6 a t o m  
was  c o n f i r m e d  by  13C-{H} s e l e c t i v e  doub le  r e s o n a n c e .  

The  e x t e n t  of  e n r i c h m e n t  and the  p o s i t i o n  o f  the  15N i s o t o p e  in the  compound  Ib  w e r e  v e r i f i e d  by  m a s s  
s p e c t r o m e t r y .  The  m a s s  s p e c t r u m  of  compound  Ia  shows  an  i n t e n s e  p e a k  of the  m o l e c u l a r  ions  and p e a k s  of  

+ 
§ + o+ 

N H2./'~.N..-N 
(a)  I I 

i-C3H 7 I-C3H 7 

(b~ (c) (d) (~) 

the  fo l lowing  f r a g m e n t s :  

In the  m a s s  s p e c t r u m  of  compound  Ib  the  va lue  of m / e  of  the  m o l e c u l a r  ion  and  s o m e  of  t h e  f r a g m e n t a r y  ions  
was  i n c r e a s e d  by  un i ty ,  a t t e s t i n g  to  the  p r e s e n c e  i n  the  m o l e c u l e  of one 15N a t o m .  The  e n r i c h m e n t  of  the  m o l e c -  
u l a r  and f r a g m e n t  ions  wi th  the  tSN i s o t o p e  was  c a l c u l a t e d  f r o m  the  f o r m u l a  

6 = l , ~ + t - - t z j n  �9 100. 
1,~ + (l~+l -- (z~l~) 

A f t e r  d i v i d i n g  by  I n and s e t t i n g  I n + J I  n equa l  to  Bn, we have  the  e q u i v a l e n t  f o r m u l a  

5 ~"- e" �9 1 0 0 .  ]+(~,,-~.) 
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Here ~ is the relat ive concentrat ion of the molecules (fragments) containing 15N; I n and In+ 1 a re  the intensities 
of the n-th and (n+ l ) - t h  ion peaks in the spec t rum of the labeled compound Ib; 

l rn+l  
~z,, = I'.,., m .  0.004, 

where I '  n and I 'n+ 1 a re  the intensities of the n- th  and (n + 1)-th peaks in the spec t rum of the unlabeled compounds 
Ia; m is the number of nitrogen atoms for the par t icular  f ragment  {0.004 is the natural  abundance of the 15N 
isotope). 

The relative concentrat ion of molecules  containing the iSN isotope calculated f rom the peaks of the molec -  
u lar  and f ragment  ions (a and b) was 96.3%. The enr ichment  of fragments  c and d with the 15N isotope amounted 
to only ~5%, and fragment  f did not contain the l~N isotope. On the basis  of these findings we may state that 
pract ica l ly  all the 15N atoms (94.5%) were in the a position relat ive to a pyrazole ring. 

It was demonstra ted m a s s - s p e c t r o m e t r i c a l l y  that the two main compounds, viz., II and III, isolated af ter  
the cycl izat ion react ion a re  i somers .  The mass  spec t rum of t rans  i somer  II contained intense peaks of the 
molecular  and f ragment  ions formed as a resul t  of the removal  of one or  two alkene molecules f rom the iso- 
propyl substi tuents:  [M-C~H6] + and [M-2C3H6] +. The mass  spec t rum of cis i somer  III was s imi lar  to that in- 
dicated, but the probabil i ty of the splitting off of the substituents in this case was 1.34 t imes higher. 

The data obtained suggest  that in the template se l f -cycl iza t ion of o -ha lo -o ' - aminoazo  compounds under 
study, along with the nucleophilic substitution of the halogens by ary lamino groups,  which produces an i somer  
of type II, there  takes place a nucleophilic at tack by the secondary  nitrogen of iminohydrazone species VII on 
the ortho carbon atom azoamino species I to form react ion product VIII, which, in turn, undergoes a fur ther  
cycl ic  r ea r r angemen t  accompanied by migrat ion of the o-bromophenyl ,  is stabilized in the form of chelate IV, 
and is then eyclized to compound III. 

cH3 N 

A_ 2 -l'c3"' - -  \ 
A N NIt2 

. - ' y  ~ EI ' I  3 Ni~+ 

v. ~ ~.. ~ ~,,, ,-q., 

I 

I V  ~ I1! 

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

The NMR spect ra  were recorded  on a Varian XL-100-12 at 30~ in a 0.15 M solution in CCI 4 and CDCl 3 
(the internal re fe rence  was TMS). The e lect ronic  spect ra  were recorded  on a Shimadzu MPS-50L spectropho- 
tomete r  with the use of 2 • 10-4-2 • 10 -5 M solutions in hexane in quartz  cuvettes (d = 10 mm). The IR spect ra  
were  r ecorded  on a UR-20 spec t rophotometer  in CS 2 (< 1400-crn -1 region) and C2CI 4 (>1400-cm - I  region) at 
c o n c e n t r a t i o n s  equal to 1.4 • l0  -2 to 2.1 • 10 -2 M in NaC1 cuvettes (d = 1 mm). The mass  spectra  were recorded  
on an AEIMS-702 mass  spec t romete r  with the use of a source  with direct  introduction of the sample into the 
ionization region, an acce lera t ing  voltage of 8 kV, an energy of the ionizing e lect rons  equal to 70 eV, and a tem-  
pera ture  for evaporat ion of the samples  equal to 100-180~ 

5-Amino-4-[(2-bromophenyl)azo{N, 15N)]-3-methyl- l - i sopropylpyrazole  (Ib). A solution of 4.6 g(0 .027 
mole) of o-bromoani l ine  in 108 ml of water and 5.4 ml of 35% hydrochlor ic  acid was given an addition with s t i r -  
r ing and cooling to 0~ of a solution of 1.9 g (0.027 mole) of sodium nitr i te {NalsNO2) in 7 ml of water .  The mix- 
ture was s t i r red  for an additional 30 rain at 0~ The solution of the diazo compound obtained was added to a 
solution of 3.7 g (0.027 mole) of 5 - am ino - l - i sop ropy l -3 -me thy lpy razo l e  [3] in 14.5 mI of acet ic  acid, whichhad 
been cooled to 13-15~ and held for 6 h (pH 4-5). The precipitate formed was fil tered, washed with water ,  
dried, and ree rys ta l l i zed  f rom cyclohexane.  The yield was 6.9 g of yellowish orange plates. IR spec t rum:  
Vasym(NH 2) 3462,* Vsym(NH2) 3275,* Vasym(CH3) 2988, v C = C / N =  N 1613, 1487, 1463, ~sym(CH3) 1383, 5(CH), 
1115, 1027, T(CH) 755 c m  -1. 

*The bands of the s t re tching vibrations of the NH 2 group were measured  at a concentrat ion of 3 • 10 -4 mole /  
l i ter  in cuvettes (d = 100 ram). 
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(••••••••20-Tetrahydro-3••3-dimethyl-••••-d•is•pr•py•dibenz•[c•j]dipyraz•••[3•4-f; 3 ' , 4 ' -m]  [1,2,5,8,9, 
12]hexaaza[15N l, 15NS]cyclotetradecenato-(2-)-N~, N 1~ N 15, N2~ (II) and (1 ,14 ,15 ,20-Tet rahydro-3 ,12-d i -  
methyl- l ,14-di isopropyldibenzo[c , j ]ch 'pyrazolo[3 ,4-f ;  3 ' 4 ' - m ]  [1,2,5,6,9,12]hexaaza[l~N1, '~N~]cyclotetradecenato- 
(2-~-N 5, N 1~ N 15, N2~ (III) .  A. A mix tu re  of 0.76 g (2.4 mmole)  of I, 0.6q g (2.9 mmole)  of nickel  (II) chlo- 
r ide  bexahydra te ,  2.0 g (15 mmole)  of  po ta s s ium carbonate ,  and 60 ml  of DMFA was  boiled fo r  6 h. The mix -  
tu re  was f i l tered a f t e r  cooling, and the prec ip i ta te  (A) was washed on the f i l ter  with DMFA to weak colorat ion 
of the f i l t ra te  (B) and then with hot wa te r  to the comple te  r e m o v a l  of K2CO3, dr ied,  and r ec ry s t a l l i z ed  f r o m  m-  
xyiene.  This  yielded 0.24 g of d a r k  g r een  fine needles  of IIIb.  IR spec t rum:  Vasym(CH3) 2979, ~C=C/N=N 
1586, 1557, 1495, 1479, 1443, 5sym(CH3) 1386, 5(CH) 1123, 1109, 1026, y(CH) 749. 

The f i l t ra te  (B) was diluted with 70 ml  of wate r ,  boiled, cooled, and f i l tered,  and the prec ip i ta te  on the 
f i l te r  was washed with a sma l l  amount  of aqueous DMFA (1:1) and then with wa te r  and dr ied.  The d ry  product  
was dissolved in 5 ml  of benzene and purif ied in a ch romatograph ic  column filled with neutra l  AI203 of the sec-  
ond ac t iv i ty  grade  (the eluent was benzene).  The product  was r ec ry s t a l l i z ed  f rom a 1:15 mixture  of benzene 
and methanol .  This  yielded 0.23 g of  a l m o s t  b lack c r y s t a l s  with a g reen  gl i t te r  of compound IIb. IR s p e c t r u m  
Vasym(CH 3) 2981, vC=C/N= N 1584, 1557, 1487, 1464, 1442, 8sym(CH3) 1386, 6 1123, 1110, 1028, y(CH) 751cm -1 

B. When the reac t ion  was c a r r i e d  out in 70 m l  of DMSO at a t e m p e r a t u r e  of 170~ over  the course  of 6 
h, only compound III was obtained. The yield was 0.19 g (30%). 

(4-[[2-_[ ( 5 - A m i n o - 3 - m e t h y l - l - i s o p r o p y l p y r a z o l - 4 - y l )  azophenyl] azo] -  5-[ (2 -bromophenyl )  amino]-  3 - m e t h y l -  
1- i sopropylpyrazola to(2- ) -N,N,N,N])n icke l  (IV). Compound IV was obtained in analogy to compound II with heat-  
ing to 135~ for  6 h. The t r e a t m e n t  of the reac t ion  m a s s  was s im i l a r .  The d r y  prec ip i ta te  was dissolved in 5 
ml  of benzene and purif ied with the aid of a chromatograph ic  column in s i l ica  gel ( f rom Chemapol,  ~ 100/160 p, 
the eluent  was benzene).  A f rac t ion  (A) containing mainly  compound II, then a f rac t ion  (B) containing compounds 
IV and II,  and a f rac t ion  (C) containing compound IV were  isolated.  Benzene was dis t i l led off f rom f rac t ion  A, 
and the d r y  res idue  was d isso lved  in 10 ml  of 3b'% hydrochlor ic  acid, diluted with 100 ml of wa te r ,  and boiled. 
The mix tu re  was cooled and f i l tered,  and the prec ip i ta te  on the f i l ter  was washed with water ,  dried,  and r e -  
c rys t a l l i zed  f r o m  a 1:20 b e n z e n e - m e t h a n o l  m ix tu r e .  This  yielded 0.14 g (22.5%) of compound II, mp 288-289~ 
Frac t ion  B was evapora ted  to d rynes s ,  and the res idue  was r e c r y s t a l l i z e d  f r o m  10 ml of glacial  acet ic  acid.  
The prec ip i ta te  was f i l te red,  washed with acet ic  acid then with water ,  and dried.  Recrys ta l l i za t ion  f rom a 1:20 
b e n z e n e -  methanol  mix tu re  yielded 0.06 g of IV. Frac t ion  C was concentra ted  to 3 ml,  60 ml of methanol were  
added, and another  0.04 g of IV was obtained. The m a s s  s p e c t r u m  showed peaks  of the molecu la r  ions, whose in- 
t ens i ty  dis t r ibut ion could be used to evaluate  the p re sence  in the molecule  of nickel  and bromine  a toms .  IR 
s p e c t r u m :  v(NH) 3366, Vasym(CH 3) 2975, u C = C / N =  N 1604, 1565,' 1519, 1494, 1461, 6sym(CH 3) 1385, 6(CH) 
1119, 1111, 1027, T(CH) 747 c m  -1 

Synthesis  of III by CycHzation of IV. A solution of 0.5 g (0.8 mmole)  of IV in 50 ml  of DMFA was bo i l ed  
in the p re sence  of 2 g (14.4 mmole)  of  K~CO 3 for  5 h. The cooled reac t ion  mixture  was f i l te red,  and the p re -  
cipi tate on the f i l ter  was  washed with water  and dr ied.  Recrys ta l l i za t ion  f r o m  m-xy lene  yielded 0.39 g (75%). 

3 -Me thy l - l - i sop ropy l - lH-py raze lo [3 ,4 -b ]qu inoxa l i ne  (V). A 1.0-g port ion (1.8 mmole)  of compound I Iwas  
given an addition of 0.5 g (4.2 mmole)  a m m o n i u m  metavanadate ,  which had been dissolved in 75 ml of 35% hy- 
drochlor ic  acid and reduced to vanadium(II)  with meta l l i c  zinc, and held for 0.5 h with s t i r r ing .  The react ion  
mix tu re  was f i l te red,  concent ra ted  to 50 ml,  given an addition of s e v e r a l  drops  of a 50% FeC13 solution, 
heated to boiling, and left  to stand overnight .  Fine d i r ty -ye l low needles  with mp 101-102~ (f rom aqueous e tha-  
nol) were  prec ip i ta ted  f r o m  the solution. Repeated  purif icat ion in a chromatograph ic  column filled with A1203 
of the second ac t iv i ty  g rade  (the eluent  was benzene) and r ec rys t a l l i za t ion  f rom 1:4 aqueous ethanol yielded 0.4 
g of yellow needles .  The s t ruc tu re  of compound V was es tabl i shed on the bas i s  of the NMR and m a s s  spec t ra .  
IR spec t rum:  ~,asym(CH 3) 2983, vC--_=C/N_-- N 1579, 1511, 1484, 1457, 6sym(CH 3) 1386, 5(CH) 1129, i109, 1055, 

T(CH) 756 c m  -1. 

Dibenzo[a, c]phenazine (VI). Compound VI was synthesized in analogy to compound V by reducing com-  
pound HI. The f i l t ra te  was neut ra l ized  with a 50% KOH solution to pH 4-5.  The prec ip i ta te  fo rmed  was f i l tered,  
the f i l t ra te  was ex t rac ted  s e v e r a l  t imes  with ch lo roform,  then the ch lo ro fo rm was dr iven off, and the res idue  
was dissolved in 20-25 ml  of 50% ethanol,  given an addition of 5-6 drops  of a solution of phenanthrenequinone 
in glacia l  ace t ic  acid,  and boiled.  Fine c r y s t a l s  were  prec ip i ta ted  f r o m  the solution, f i l tered,  washed  with water ,  
and dr ied.  The  product  was r e c r y s t a l l i z e d  f r o m  ethanol in the f o r m o f  yellow needles  with mp 217-218~ A 
mixed sample  of VI with a known spec imen  obtained accord ing  to [4] did not d isplay  mel t ing-point  depress ion .  
The compound was identified m a s s - s p e c t r o m e t r i c a l l y .  
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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 -  

Novos ib i r sk  Inst i tute  of Organic  Chemis t ry ,  Academy of Sciences  of the USSR, Siber ian Branch,  Novo- 
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