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

The synthesis  of the investigated compounds is descr ibed  in [2]. The PMR spec t ra  were  measured  with 
a JNM-PS-100 spec t romete r ;  the accu racy  in the measuremen t  of the chemical  shifts was • 0.05 ppm, and the 
accu racy  in the measu remen t  of the coupling constants was ~- 0.5 Hz. 
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H E T E R O C Y C L I C  Q U I N O N E S  

XXXHI.* OXIDATIVE AMINATION OF 5(6)-HYDROXYBENZIMIDAZOLES 

Yu.  S. T s i z i n  a n d  S. A.  C h e r n y a k  UDC 847.785.5 : 842.988.3 

A number  of benzimidazole-4,5(6,7)-quinones containing a secondary  amine res idue  in the 
quinone r ing  were  obtained by oxidation of N-substi tuted 5(6)-hydroxybenzimidazoles with 
oxygen in the p resence  of copper ( l ] ) -p iper id ine  (dimethylamine) complexes.  It is shown that 
the reac t ion  proceeds  in the p resence  of catalyt ic  amounts of copper aceta te  and is not accom-  
panied by amination of the C (z) atom. 

The a im of the present  r e s e a r c h  was to study the applicabili ty of oxidative amination for the synthesis  of 
o-benzimidazolequinones,  since the exist ing methods for their  preparat ion a re  based on the oxidation of dif- 
f icul t - to-obta in  bifunctional der ivat ives  [2-5]. For this purpose two fundamental questions had to be answered:  
Will stable chelate  complexes  of the products of oxidation of I-III be formed with copper  (see [6]), and is amina-  
tion of the C(~) a tom during the oxidation of IV and V possible (as in the case  of the previously  observed  [7] 
amination of benzothtazole-6,7-quinones)  ? It should be noted that N-substi tuted benzimidazole-4,5-quinones 
have not been previous ly  descr ibed.  
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I R~CHs, R'~H; II R=C6He, R'=H; III R=CeHs, R'=CH3; IV R=CeHs; V R=CH~; 
VI R~CH~, R'~H, NR'2=N(CH2)s; VII R~CeHs, R'=H, NR%=N(CH~)s; VIII R=CsHs, 
R'~H, R"=CHa; IX R=CoHs, R'=CHs, NR'2=N(CH2)s; X R=C6Hs, R'=R"=CH3; 

XI R=CsHs; XII R=CHa 

* See [1] for  communication XXXII. 
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TABLE 1. Benzimidazolequinones 

C o m -  
pound  

VI 
VII ( 

VIII 
IX 
xt, 

Xll 

rap, ~ 

168--169 a, 
191--192 a 
209--210 a 
216--217a_ 
213--~14g 
178~-179 
175--176g 

r e = o ,  c m  -1 

1678, 1627 
1686, 1628 
1685, 1620 
1676, 1636 
1683, 1631 
1680, 1604 
1675, 1597 

Found, % 
C H N 

64,1! 6,2 1,7,1 
70,0 5,5 13,7 
67,6 5,1 16,0 
71,4 5,9 13,3 
68,0 5,2 14,6 
69,9 5,2 13.5 
63,8 6,4 16,9 

Empirical 
formula 

Ct3tt,sN:,O2 
ClsitlTN:~O2 
C,sHI3NsO2 
C ~gH tgN:~O2 
CIsHIsN~O2 
C,sHlTN302 

Calculated, cJo 

C H N 

53,7 6,2 17,1 
70,3 5,6 !3,7 
67,4 4,9 15,7 
71,0 6,0 13,1 
68,3 5,4 15,0 
70,3 5,6 13,7 
63,7 6,2 17,1 

Yield, 
% 

22 b 
67 
3~ 
58 
53 
48 
55 

a F r o m  ethanol, bThe quinone was obtained in low yield because  
of its high solubi l i ty  in water .  CUV s p e c t r u m ,  ";~ max  (log e):  521 
(3.37), 347 (4.16), and 238 nm (sh) (4.40). PMR s p e c t r u m  (at 4-10 
ppm): 5.65 (1H, s ,  CH =C) ,  7.51-7.65 (5H, m,  C6H5) , and 7.71 ppm 
(1H, s,  CH=N) .  d F r o m d i o x a n e ,  e F r o m w a t e r ,  fPMR s p e c t r u m  
(at 4-10 ppm): 5.76 (1H, s ,  C H = C ) ,  7.30-7.45 (5H, m,  C6H~) , and 
7.63 ppm (1H, s,  CH----N). g F r o m  b e n z e n e - h e p t a n e .  

A study of the oxidation of two i somer i c  s e r i e s  of N-subs t i tu ted  hydroxybenzimidazoles  I - I I I ,  IV, and V 
showed that in both ca se s  the r eac t ion  p roceeds  smoothly  in the p r e sence  of piper idine or  d imethylamine and 
catalyt ic  amounts  of  copper  aceta te .  In con t ra s t  to mos t  of the other  he te rocye l ic  phenols,  I - V  a r e  not oxidized 
in the p r e sence  of morphol ine .  This  can be explained by taking into account the fact  that  morphol ine ,  which is 
a weaker  base  than piper id ine ,  gives l ess  s table  complexes  with meta l s  [8]. Since hydroxybenzimidazoles  a r e  
a lso  capable  of tying up meta l  ions [9, 10], the p r e s e n c e  in the reac t ion  mix tu re  of both ligands should lead to 
the following equi l ibr ium:  

(hydroxybenzimidazole)  nCu2+~-~-- Cu2+~-~ - (R2NH) .,Cu ~ 

where  R2NH is a secondary  amine.  Of cou r se ,  r e p l a c e m e n t  of the s t ronger  ba se  (piperidine) by a l e s s  bas ic  
compound (morpholine) leads to a shift  in the equi l ibr ium to the left ,  during which the concentrat ion of the cop-  
per  - s e c o n d a r y  amine  complex  evidently becomes  insufficient for o c c u r r e n c e  of the oxidative aminat ion r e a c -  
tion. 

Quinones VI-XII  a r e  deeply colored c rys ta l l ine  subs tances .  The quinone s t ruc tu re  of these  compounds is 
conf i rmed  by the p r e s ence  in the i r  IR s pec t r a  of two bands of carbonyl  absorpt ion  (Table 1). In analogy with 
[11], the low-f requency  band can be ass igned to the s t re tch ing  vibra t ions  of the earbonyl  group conjugated with 
the secondary  amine  res idue .  One 's  attention is drawn to the unusually low f requency  of the v ibra t ions  of the 
C(6 ) ---O group in the s p e c t r a  of quinones XI and XII. 

The p rev ious ly  synthes ized o-benzimidazolequinones  a r e  e x t r e m e l y  labi le  [3, 4], whe reas ,  on the other  
hand, aminoquinones VI-XII  a r e  quite s table  and can be s tored  sa t i s f ac to r i ly  in the solid state,  Thus oxidative 
aminat ion is a s imple  method for the synthes is  of aminobenzi rn idazole-4 ,5-quinones  and aminobenz imidazo le -  
6,7-quinones that contain alkyl  or  a ry l  subst i tuents  in the 1 position. 

In con t ra s t  to quinones XI and XII, i somer i c  quinones VI-X a r e  capable  of fo rming  chela tes  not only of 
the O,O type but a lso  the O,N type with the par t ic ipat ion of the ni t rogen a tom of the he t e ro r ing  [6]. As a ru l e ,  
the s tabi I i t ies  of the la t te r  a r e  higher;  however ,  both quinones XI and XII and quinones VI-X a r e  fo rmed  in the 
p r e sence  of ca ta ly t ic  amounts of copper  sa l t s ,  which indicates the low s tabi l i t ies  of their  Copper complexes .  
At the s a m e  t ime ,  quinolinequinone XIII, which has a s im i l a r  or ienta t ion  of the donor a toms ,  gives an e x t r e m e l y  
s table  copper  chela te  [6]. 

On the bas i s  of data on the r e l a t ive  s tabi l i t ies  of complexes  of 8-hydroxyquinoline and 4 -hydroxybenz imid-  
azoles  [12], it may  be a s s um ed  that the lower s tabi l i t ies  of the copper  chela tes  of benzimidazolequinones VI-X 
a r e  a ssoc ia ted  with an i nc rea se  in the dis tance between the oxygen and ni t rogen a toms and a change in the 
or ienta t ion  of the unshared  e lec t ron  pa i r  of the N(3 ) a tom.  

Of the two i somer i c  quinones VII and XI, only VII gives a sl ightly soluble complex  with CuC12. The s tab i l -  
ity of the complex  is low - it is decomposed  by water  and d i s soc ia te s  comple te ly  in dilute methanol  solutions.  
The la t te r  fact  was es tab l i shed  by  compar i son  of the UV s p e c t r a  of the complex  and the f r ee  quinone. The data 
f r o m t h e  IR spec t rum  of the complex  do not make i tposs ib le  to r e l i ab ly  ass ign  it to the O,O or O,N type (see [6]). 
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It is important  that monoaminoquinones XI and XI-I a r e  f o r m e d  in the oxidation of IV and V, although the 
analogous 6-hydroxybenzothiazole  XIV gives diaminoquinones XV under these  conditions [7]. This d i f ference 
in the reac t iv i t i es  of benzazole-o-qa inones  is associa ted ,  in our opinion, with the more  pronounced donor p rop -  
e r t i e s  of the, NO) atom as compared  with the sulfur  atom. As a r e su l t  of this,  the dec rease  in the e lec t r ic  
densi ty  on C(9 that is ensured by conjugation with the C(?) = O  group and is n e c e s s a r y  for amination of the 
he t e ro r ing  is "neut ra l ized"  to a grea t  extent in the case  of benzimidazolequinones,  In fact ,  thiazole is the most  
e lectrophi l ic  of the azoles  [13]. ' 

In conclusion,  it should be noted that the oxidation of 5-hydroxybenzimidazole  and 5 (6)-hydroxybenzimida- 
zolones does not take place with a catalyt ic  amount of copper(II) and that a complex mixture  of reac t ion  prod-  
ucts f r om which quinones cannot be isolated is fo rmed  in the  p resence  of an equivalent of copper  acetate .  

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

The IR spec t ra  of KBr pel lets  of the compounds were  r e c o r d e d  with a UR-20 spec t romete r .  The UV spec-  
t r a  of methanol  solutions of the compounds were  r e c o r d e d  with a Specord UV-vis spec t rophotometer .  The PMR 
spec t ra  of 7-10% solutions of the compounds in deu te roch lo roform were  r eco rd ed  with a Varian T-60  spec t rom-  
e ter  with te t ramethyls i l ane  as the internal  standard.  Monitoring of the course  of the reac t ions  and the puri ty  
of the compounds obtained was accomplished by chromatography on Silufol plates in a c h l o r o f o r m - m e t h a n o l  
sys t em (10 .- 1). 

1-Methyl -5-hydroxybenzimidazole  (1) [14], 1-phenyl-5-hydroxybenzimidazole  (lI) [15], 1 -phenyl -2-methy l  
5-hydroxybenzimidazole  ~ [14], and 1-methyl -6-hydroxybenzimidazole  (V) [16] were  obtained by demethyla-  
tion of the cor responding  methoxy der ivat ives .  

1 -Phenyl -6-hydroxybenzimidazole  (IV). A solution of 2.32 g (10 mmole) of 1 -phenyl -6-methoxybenz imid-  
azole [17] in 30 ml of 48% HBr was ref luxed for  6 h, a f te r  which it was cooled and neutra l ized with ammonia.  
The resu l t ing  precipi ta te  was r emoved  by f i l t rat ion,  washed with water ,  and dr ied to give 1.45 g (69%) of co lo r -  
less  c rys t a l s  with mp 171-172~ (from benzene).  Found: C 74.2; H 5.0; N 13.1%. C13H10N20. Calculated: C 
74.3; H 4.8; N 13.3 %o 

Benzimidazoleqainones VI- XII. A suspension of 5 mmole  of hydroxybenzimidazoles  I- V in a mixture  of 7 
ml of methanol,  20. (in the prepara t ion  of quinones VI, XI, and XID or  30 mmole  (VII-X) of piperidine or di- 
methylamine,  and 0.1 g (0.5 mmole) of copper  ace ta te  was s t i r r ed  in an oxygen a tmosphere  until gas absorption 
ceased  (3-4 h). Quinones VII-X precip i ta ted  and were  r emoved  by f i l t rat ion,  washed with methanol and e ther ,  
and dr ied (an additional amount of quinone could be isolated f ro m  the f i l trate) .  For  the isolation of quinones 
VI, XI, andXII the reac t ion  mixture  was t r ea t ed  with 150 ml of ch loroform,  and the solution was washed suc- 
cess ive ly  with water ,  3% CH3COOH, and water  and dr ied with magnesium sulfate. The solvent was then r e -  
moved by disti l lation, and the r e s idue  was c rys ta l l ized .  The yields and constants of the quinones obtained a r e  
p resen ted  in Table  1. 

Copper Complex of Quinone VII. A 1.2-ml sample of a sa tura ted  methanol solution of cupric chlor ide 
was added to a warm solution of 0:15 g (0.5 mmole) of quinone VH in 15 ml of methanol. After 1 h, the resul t ing  
prec ip i ta te  was r emoved  by f i l t rat ion,  washed with methanol,  ch loroform,  and ether  and dried to give 0.14 g 
i60%) of dark-vio le t  c rys ta l s  with mp 181-182~ (decomp.).  IRspec t rum-  1688, 1596, and 1580 cm -1. Found: C1 
16.9; N 8.8%. C18HITN30~" CuC1 z. Calculated: C1 15.9; N 9.5%. 
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S T R U C T U R E  OF  T E T R A H Y D R O P Y R I D A Z I N E S  F O R M E D  

F R O M  1 - I S O P R  O P Y L -  3 , 4 -  D I M E T H Y L -  1 , 2 -  DIA Z A -  1 , 3 -  

B U T A D I E N E  A N D  M E T H Y L  V I N Y L  K E T O N E  

V. A.  N i k i t i n ,  V. N. V e r b o v ,  
a n d  K. N. Z e l e n i n  

UDC 547.852 : 543.422.25 : 4.6 

In cont ras t  to the cis i somer ,  t r a n s - l - i s o p r o p y l - 3 , 4 - d i m e t h y l - l , 2 - d i a z a - l , 3 - b u t a d i e n e  r e a c t s  
with methyl vinyl ketone to give a mixture  of cls and t rans  i somers  of 5- and 6 - a c e t y l - l - i s o -  
propyl -3 ,4-d imethyl -A2- te t rahydropyr idaz ines .  The preponderance of the eis i somer  in the case  
of 5-subst i tuted te t rahydropyr idaz ines  const i tutes evidence for the exis tence of secondaryorb i t a l  
interact ions of the acetyl  group of the dienophUe with the C = C bond of t h e  diene component.  

The obse rvanceo f  the endo principle [1] for a nucleophilic diene component containing a C = C - N  =N 
fragment  [2] has not been investigated. For its ver i f icat ion it was n e c e s s a r y  to examine the reac t ion  of olefins 
with t e rmina l ly  substi tuted 1,2-diaza-  1,3-butadienes. 

We have found that ~ , f l -unsa tura ted  azo compounds of this type [3] actual ly r e a c t  with methyl acry la te ,  
methyl vinyl ketone, and acry loni t r i l e  to give four-component  mixtures  of 1,4-cycloaddit ion products (mixtures 
of s t ruc tura l  i somers  and s t e reo i somers ) .  Thei r  s imi la r  physicochemical  cha rac te r i s t i c s  made it impossible 
for  us to isolate them in pure fo rm or to re l i ab ly  identify the A~-tetrahydropyridazines formed,  except for the 
products of the reac t ion  of methyl vinyl ketone with 1 - i sop ropy l -3 ,4 -d ime thy l - l , 2 -d i aza - l , 3 -bu tad iene  (I). 

This  azadiene exists  in the fo rm  of Z,E and E,E i somers  [3, 4], of which the Z,E i somer ,  which was iso- 
lated in pure form,  was found to be inactive in the diene synthesis  because  of the s te r i c  hindrance that a r i ses  
during its convers ion to the s -c i s  conformation n e c e s s a r y  for the react ion.  On the other  hand, the pure E,E 
i somer ,  as expected, r ead i ly  forms cycloaddition products  with methyl  vinyl ketone by undergoing the reac t ion  
in the cisoid conformation.  A mixture  of te t rahydropyr idaz ines  II-V was isolated f ro m  the reac t ion  mixture  in 
80% yield. The ra t io  of II-V does not change ei ther  during the react ion or during s torage ,  and this consti tutes 
evidence for the absence of in terconvers ions;  according to the resu l t s  of ga s - l i qu id  chromatography (GLC), 
the ra t io  is 25 : 17 : 50 : 8, respec t ive ly .  As a r e su l t  of purif ication of the mixture  by column chromatography,  
we isolated IV and V in pure fo rm and an inseparable  mixture  o f  i somers  II and III. (See scheme on next 
page.) 

The resu l t s  of e lementa ry  and spec t ra l  analysis of the mixture  of II and III and the individual cycloaddi-  
tion products  (IV and V) a r e  in agreement  with the A~-tetrahydropyridazine s t ruc ture .  In par t icu lar ,  bands of 
C = N  and C = O  bonds a re  p resen t  in the i r  IR spec t ra  (at 1600-1620 and 1730 era-l) ,  and the UV spec t ra  con- 
tain absorption at },max 240 nm (eN3500-4000). Singlet signals of a CH 3 group attached to a C----N bond ( -  1.8- 
2.0 ppm) and of an acetyl  group ( -2 .0 -2 .2  ppm), a doublet (J=6.5 Hz) of a methyl group attached to the C(@ 
atom (~ 1-1.2 ppm), a septet  (J=7 Hz) of the CH portion of a 1-_isopropyl grouping (at 3.0-3.5 ppm), and two 
doublets (J =7.0 Hz) f r om its d ias tereotopic  methyl groups (~ 0.8--1.4 ppm) a re  present  in the PMR spec t ra  of 
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