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4 - O x o t e t r a h y d r o b e n z o x a z o l e s  we re  obta ined by the i n t r a m o l e c u l a r  cyc l i za t ion  of 2 - a c e t -  
a m i d o c y c l o h e x a n e - l , 3 - d i o n e s  with ace t i c  anhydr ide ,  while hydrogena ted  phenaz ines ,  
along with  2 - a m i n o c y c l o h e x a n e - l , 3 - d i o n e s  as  s ide  p roduc t s ,  we re  obta ined  by  ac id  
h y d r o l y s i s .  The fo rma t ion  of hydrogena ted  phenaz ines  f rom 2 -aminocyc lohexaned iones  
in ac id ic  m e d i a  was inves t iga t ed .  The s t r u c t u r e s  of the hydrogena ted  phenaz ines  and 
benzoxazo le s  we re  c o n f i r m e d  by  a s tudy of the r e a c t i v i t i e s  and IR s p e c t r a .  

A s e a r c h  for the op t imum condi t ions  for  the syn thes i s  of 2 - a m i n o c y c l o h e x a n e - l , 3 - d i o n e s  (IIIa-c) 
f rom 2 - a c e t a m i d o c y c l o h e x a n e - l , 3 - d i o n e s  (I) e s t a b l i s h e d  that  o r a n g e - c o l o r e d  s ide  p roduc t s  a r e  f o r m e d  
along with the expec ted  2 -aminocyc lohexaned iones  under  the condi t ions  of ac id  h y d r o l y s i s  [1,2]. This  c o m -  
pe l l ed  us to a s s u m e  that  e i t h e r  the un l ike ly  i n t r a m o l e c u l a r  cyc l i za t ion  of the ace t amido  d e r i v a t i v e s  (I) to 
4 - o x o t e t r a h y d r o b e n z o x a z o l e s  (IIb, c) or  i n t e r m o l e c u l a r  condensa t ion  of the r e su l t i ng  2 - a m i n o c y c l o h e x a n e -  
1 ,3 -d iones  to fo rm hydrogena ted  phenazine  s y s t e m s  (IVa-c) occur  under  the  r e a c t i o n  cond i t ions .  This  is  
not  con t r ad i c t ed  by the l i t e r a t u r e  da ta  and e s s e n t i a l l y  r e c a l l s  the fo rmat ion  of oxazoles  f rom a - a c e t a m i d o  
ke tones  or  p y r a z i n e s  f rom a - a m i n o  ke tones  [3]. To c on f i rm  our  hypo thes i s ,  we inves t iga t ed  the condi t ions  
of the i n t r a m o l e c u l a r  cyc l i za t i en  of I and the se l f - condensa t ion  of III in 15~ h y d r o c h l o r i c  ac id .  

We were  able  to a c c o m p l i s h  the i n t r a m o l e c u l a r  cyc l i za t ion  of Ib,c by re f lux ing  them in ace t i c  a n -  
hyd r ide ;  an a t t empt  to cyc l i z e  Ia was u n s u c c e s s f u l .  The t e t r a h y d r o b e n z o x a z o l e s  (IIb,c) a r e  c o l o r l e s s ,  
c r y s t a l l i n e  subs t ances  that  a r e  quite so luble  in w a t e r  and organic  so lvents  and c o m p a r a t i v e l y  r e s i s t a n t  to 
the act ion of di lute  a lka l i ;  they undergo  c leavage  in ac ids ,  and c o lo r e d  t r a n s f o r m a t i o n  produc ts  a p p e a r .  In 
th is  r e s p e c t ,  they d i f fe r  somewha t  f rom o ther  oxazo les ,  s ince  the oxazole  r ing  is h y d r o l y t i c a l l y  c l eaved  
only on re f lux ing  in c o n c e n t r a t e d  ac ids  [3]. 

The IR s p e c t r a  of II contain  absorp t ion  bands of a ea rbeny!  group at 1687 (IIb) and 1692 cm -1 (IIc). 
The reduc t ion  in the f r equenc ies  of the v ib ra t i ons  of the ca rbony l  groups  ind ica t e s  conjugat ion of the c a r -  
bonyl group wi th  the  oxazole  r ing  [4]. The two f r equenc ies  at 1620 and 1592 cm - i  (IIb) and 1617 and 1597 
c m  -1 (iIc) can be a s c r i b e d  to the v ib ra t i ons  of the oxazole  r ing ,  while those  in the c a s e  of IIb can be r e -  
l a t ed  to ~ C = C  of the benzene  r ing .  In di lute  a lka l i  so lu t ions ,  IIb fo rms  an oxime with  hyd roxy lamine ,  the 
IR s p e c t r u m  of which conta ins  an absorp t ion  band of low in tens i ty  at 1653 c m  -1. 

Thus an a n a l y s i s  of the  p r o p e r t i e s  and condi t ions  for  the fo rma t ion  of IIb,c c o n f i r m s  the p r e v i o u s l y  
e x p r e s s e d  a r g u m e n t s  that  t e t r a h y d r o b e n z o x a z o l e  d e r i v a t i v e s  c~anot  be f o r m e d  as  s ide  produc ts  under  the 
condi t ions  of the h y d r o l y s i s  of I, s ince  t h e i r  fo rma t ion  r e q u i r e s  o ther  condi t ions .  

Compounds that  a r e  iden t i ca l  to the s ide  p roduc ts  obta ined in the h y d r o l y s i s  of I a r e  f o r m e d  when III 
a r e  r e f luxed  in 15% h y d r o c h l o r i c  acid .  Orange  subs t ances  conta ining ch lo r ine  a r e  f o r m e d  in a l l  c a s e s .  
The s t r u c t u r e  of the h y d r o c h l o r i d e  of 1 ,5 -d ihyd roxy -2 ,3 ,4 ,6 ,7 ,8 -hexahydrophenaz ine  (IVa �9 HC1) was e s t a b -  
l i shed  for  the ha logen-con ta in ing  compound in the c a s e  of the condensa t ion  of 2 -aminocyc lohexaned ione  
(KIa), while in the condensa t ion  of IIIb and IIIc the s a l t s  a r e  s tab le  only in s t rong ly  ac id ic  med ia ;  they  a r e  
h y d r o l y z e d  in wa t e r ,  and only the c o r r e s p o n d i n g  b a s e s ,  1 , 5 - d i o x o - 3 , 7 - R ' , R " - l , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 - d e c a h y d r o -  
phenaz ines  (IVb,c) were  inves t iga ted  in these  c a s e s .  The y ie lds  of the phenazine  d e r i v a t i v e s  and the r a t e s  
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of cyci iza t ion  of III a re  ex t r eme ly  di f ferent :  in the case  of IIIb the hydrogenated phenazine is formed in ve ry  
low yields  even on prolonged ref iuxing of the solut ion;  in the case  of IIIc the yield of the co r respond ing  IVc 
reaches  78% when the reac t ion  is c a r r i e d  out for 5-6 h, while in the case  of IIIa the ma x i mum yield  of phen-  
azine (63%) is achieved in 2 h. 

It can be assumed that a certain amount of free base is present in aqueous solutions of the salts as a 
consequence of the reduced basicity of 2-aminocyclohexanediones. Although the existence of aminocyclo- 

hexane-l,3-diones in the keto-enol forms with an intramoleeular hydrogen bond similar to a betaine has 

been proved [i], acidic media to some extent promote the formation of a diketone structure, which enters 
into condensation. The capacity of the bases for participation in condensation and the reaction rates under 
these conditions depend on the strer~gth of the intramolecular interaction of the OH and NH 2 groups. Sub- 

stituents in the 5 position with their +I or -I effects can affect both the basieity of the NH 2 group and the 
acidity of the OH group and thereby affect the capacity of the aminodiketones for self-condensation. 

The hydrogenated phenazines (IVb,c) are only slightly soluble compounds and dissolved only in acetic 

acid to give bright-violet solutions from which brown products crystallize out of solution. However, on re- 
peated crystallization the solubility improves considerably, the color of the solution changes 'from violet to 
yellow, and a yellow modification crystallizes out from the solution. The melting points of the yellow modi- 

fications are lower than those of the brown modifications. The two modifications have certain differences 
in their IR spectra. The brown modification of IVb has PC=O at 1703 cm -I, 5NH at 1539 cm -I, and PNH at 

3165 era-l; PC=O for the yellow modification increases slightly to 1710 cm -I, and two bands at 3526 and 

3476 cm -I are observed in the region of the frequencies of the vibrations of free N-H bonds. The same 
regularity is observed for both modifications of IVc: the brown modification has PC--O at 1703, ~ C=C at 

1604, 5NH at 1555, and PNH at 3185 cm -I, while PC=C frequencies of low intensity also appear at 1635 and 
1605 cm -I for the yellow modification, with PC=O at 1707 cm -i. The presence of two modifications of the 
hydrogenated phenazine is apparently assoeiated with the formation of intermolecular associates of the 

>N-H . . O~C < type, which are distinguished by different degrees of association. Because of the extreme- 
ly limited solubility of the brown modifications of IVb,c and the transition in dilute solutions to the yellow 
modification, this interesting phenomenon was not studied in solutions by means of UV and IR spectra. 

The hydrochloride of IVa is very soluble in water and acetic acid, slightly soluble in alcohols, and in- 
soluble in dioxane; a dark-red salt crystallizes out from aqueous solutions. The IR spectrum of this salt 

does not contain absorption in the region of the C ~O group; absorption bands of low intensity at 1554 and 

1540 cm -~ must be assigned to the vibrations of a pyrazine ring [4]. There are two intense maxima at 3368 
and 3151 cm -i in the region of the frequencies of the N-H and O-H bonds, which, on the basis of the ab- 

sence of absorption in the region of the C ~---O groups, should be ascribed to the P OH frequencies: This salt 
consequently has the structure of the hydrochloride of 1,5-dihydroxy-2,3,4,6,7,8-hexahydrophenazines. 

Treatment of an aqueous solution of the salt with potassium bicarbonate solution precipitates the base, to 
which the structure of 1,5-dihydroxy-2,3,4,6,7,8-hexahydrophenazine (IVa) should be assigned on the basis 
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of the s spec t ra .  In acetic acid, IVa also has a b r igh t -v io le t  color  and c ry s t a l l i z e s  as the brown subs tance ;  
the yellow modif icat ion is not isola ted because  of the ready oxidation of IVa. The IR spec t rum of IVa does 
not contain the absorpt ion  of C - - O  groups ,  and only one vOH band of medium in tens i ty  at 3165 em - i  is ob-  
se rved  in the region  of the absorpt ion  of NH and OH groups .  

Like d ihydropyraz ines  [3], decahydro-  and hexahydrophenazines  {IVa-c) a re  oxidized in acet ic  acid 
solut ions in the p re sence  of hydrogen peroxide to 1 ,5-d ioxo-3 ,7-R '  ,R" -1,2,3,4,5,6,  7 ,8-octahydrophenazin es 
(Va-c). in the p rocess ,  the b r igh t -v io le t  color  of the solution changes to yellow. In the case  of IVa, the 
oxidation proceeds very  smoothly,  even with a i r  oxygen, and the p repara t ion  of pure IVa is fraught with dif-  
f i cu l t ies .  The IR spec t ra  of Va-c  do not contain VNH f requenc ies ;  carbonyl  bands a re  observed at 1709 (Va), 
1703 (Vb), and 1698 (Vc) cm - i .  

The r eac t iv i t i e s  of the hydrogenated phenazines were invest igated in the case of the more  access ib l e  
IVc. Acylat ion of IVc with acet ic  anhydride in the p resence  of pyr id ine  gives br igh t -ye l low 1 ,5-d iace toxy-  
3 ,7-d iphenyl -2 ,3 ,4 ,6 ,7 ,8-hexahydrophenazine  (VIc). Only one in tense  band of an e s t e r  carbonyl  group at 
1765 cm -1 appears  in the spec t rum of VIc, and VNH frequencies  are  absent .  Consequent ly ,  O-acetyla t ion  
occurs  dur ing the acetyla t ion reac t ion ,  s ince the marked ly  e levated v C =  O value is c h a r a c t e r i s t i c  for enol 
aceta tes  [5]. This  sor t  of reac t iv i ty  of dioxodecahydrophenazines is in ag reemen t  with the reac t iv i ty  of 
benzoylened ihydropyr id ines .  The appearance  of absorpt ion max ima  at 1643, 1585, and 1533 cm -1 also is 
evidence in favor of this s t r u c t u r e .  It is known that the a romat ic  r ing  of pyraz ine  has three  or four a b so rp -  
t ion bands of med ium in tens i ty  at 1340-1670 cm -i  [4]. The reduct ion of IVc with sodium borohydr ide  in a l -  
cohol gives 1 ,5 -d ihydroxy-3 ,7-d iphenyl - l ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,9 ,10-decahydrophenaz ine  (VIIc), a co lo r less ,  c r y s t a l -  
l ine subs tance  that is quite soluble in polar  so lvents .  

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

4-Oxo-2 ,6 ,6 - t r ime thy l -4 ,5 ,6 ,7 - t e t r ahydrobenzoxazo le  (IIb). A 2.00 g sample  of Ib was dissolved by 
heat ing in 12 ml  of acet ic  anhydride,  and the solution was ref luxed for 3 h. The acetic anhydride was r e -  
moved by vacuum dis t i l la t ion ,  and the oily res idue  sol idif ied on s tanding to give 1.58 g (87~ of IIb with mp 
69-70 ~ (from water ) .  Found %: C 66.9; H 7.1; N 7.8. C10H13NO 2. Calculated ~c: C 67.0; H 7.3; N 7.8. 

2 -Methy l -4 -oxo-6 -pheny l -4 ,5 ,6 ,7 - t e t r ahydrobenzoxazo le  (IIc). This  compound was s i m i l a r l y  obtained 
in 80% yield f rom Ic and had mp 106 ~ {from a l c o h o l - e t h e r ) .  Found%:  C 79.8; H 5.8; N 6.2. C14H13NO 2. 
Calcula ted %: C 74.0; H 5.7; N 6.2. 

4 -Ox imino -2 ,6 ,6 - t r ime thy l -4 ,5 ,6 ,7 - t e t r ahydrobenzoxazo le .  A 0.50 g (2.5 mmole)  sample  of IIb was 
d isso lved  in hot 5% alkali ,  0.40 g (5.7 mmole)  of hydroxylamine  hydrochlor ide  was added in por t ions ,  and 
the mix ture  was ref luxed for 1 h. The solut ion was cooled and neu t ra l i zed  with HC1 to give 0.47 g (86%) of 
an oxime with mp 199-201 ~ (dec., f rom alcohol).  Found %: N 14.6. Ct0Ht4N202. Calcula ted %: N 14.4. 

1 ,5-Dihydroxy-2 ,3 ,4 ,6 ,7 ,8-hexahydrophenazine  (IVa). A 0.60 g sample  of IIIa was d isso lved  in 2 ml  
of 15% HC1, and the solut ion was heated for 2 h on a water  bath. The orange prec ip i ta te  was removed by 
f i l t ra t ion to give 0.30 g (63%) of the hydrochlor ide  of IVa as d a r k - r e d  c r y s t a l s  with mp 215-218 ~ (from 
water ) .  Found %: C 56.8; H 6.0; N 11.2; C1 13.8. C12Hl4N202 �9 HC1. Calculated %: C 56.6; H 6.0; N 11.0; 
C1 13.9. A 0.25 g (1.0 mmole)  sample  of the hydrochlor ide  of IVa was d issolved in s eve ra l  m i l l i l i t e r s  of 
wa te r ,  0.10 g (1.0 mmole)  of po tass ium b icarbonate  was added, and the prec ip i ta te  of IVa was removed  by 
f i l t ra t ion  and immed ia t e ly  c rys t a l l i zed  f rom acetic acid to give 0.10 g (47V/e) of brown c r y s t a l s  of IVa with 
mp 200-202 ~ (The compound is decolor ized  on melt ing.)  F o u n d S :  C 66.3; H 6.2; N 12.6. C12Hi4N202. 
Calcula ted %: C 66.0; H 6.4; N 12.8. 

1 ,5 -Dioxo-3 ,3 ,7 ,7 - t e t ramethy l - l ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,9 ,10-decahydrophenaz ine  (IVb). A) The precipi ta te  ob- 
ta ined by the acid hydro lys i s  of 24.0 g of Ib [1] was washed with hot water .  Rec rys t a l l i za t ion  f rom acetic 
acid gave 0.32 g (40% based  on Ib) of brown c r y s t a l s  of IVb with mp 260-270 ~ (dec.). On repea ted  c r y s t a l -  
l izat ion f rom acet ic  acid, the solubi l i ty  of IVb improved,  and the color  of the solut ion changed f rom violet  
to yellow. The acetic  acid was r emoved  by vacuum dis t i l la t ion ,  and the res idue  was c ry s t a l l i z ed  from a lco-  
hol to give ye l low-green  c ry s t a l s  of IVb with mp 210-212 ~ Found %: C 70.4; H 7.8; N 10.2. C16H22N202. 
Ca lcu la ted%:  C 70 .0 ;H 8 .0 ;N  10.2. 

B) A 0.50 g sample  of IIIb was d isso lved  in 2.0 ml of 15% HC1, and the solut ion was ref luxed for 6-7 
h. The prec ip i ta te  was removed by f i l t ra t ion,  and IIlb c rys t a l l i zed  in the f i l t ra te .  The prec ip i ta te  on the 
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filter was washed with hot water and crystallized from acetic acid to give 0.05 g (14%) of brown crystals of 
IVb with mp 260-270 ~ (dec.) that did not depress the melting point of IVb obtained by method A. Found ~. 

C 69.8;H 8.0;N I0.I. CI6H22N202. Calculated~: C 70.0;H 8.0;N 10.2. 

1,5-Dioxo-3,7-diphenyl-l,2,3,4,5,6,7,8,9,10-decahydrophenazine (IVc). A)The precipitate obtained 
by the acid hydrolysis of 8.0 g of Ic [I] was washed with hot water and dried to give 0.80 g (13~ based on Ic) 
of IVc as brown crystals with mp 280-290 ~ (dec., from acetic acid). Repeated crystallization from acetic 
acid or dioxane gave yellow crystals of IVc with mp 250-258 ~ Found %: C 77.9; H 6.4; N 7.4. C24H22N202. 
Calcu l a t ed  %: C 77.8; H 6.0; N 7.6. 

B) A 2.00 g s a m p l e  of IIIc was d i s s o l v e d  in 7 m l  of 15~ HC1, and the solut ion was re f luxed  for  6-7 h. 
The o range  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t ion  and washed  with hot w a t e r  to give 1.20 g (78~c) of b r o w n  
c r y s t a l s  of IVc with mp  280-290 ~ (dec., f r o m  ace t i c  acid)  that  did  not  d e p r e s s  the me l t i ng  point of IVc ob -  
t a ined  by method  A.  Found %: C 78.4; H 5.7; N 7.8. C24H22iN202. Ca lcu la t ed  ~ :  C 77.8; H 6.0; N 7.6. 

1 , 5 - D i o x o - l , 2 , 3 , 4 , 5 , 6 , 7 , 8 - o c t a h y d r o p h e n a z i n e  (Va).  A 0.20 g (0.92 mmole )  s a m p l e  of IVa was d i s -  
so lved  in ace t i c  ac id ,  and 0.2 ml  of 15% hydrogen  pe rox ide  was added d r o p w i s e .  The c o l o r  of the solut ion 
changed  f rom v io le t  to ye l low.  The ace t i c  ac id  was r e m o v e d  by vacuum d i s t i l l a t i on ,  and the r e s i d u e  was 
c r y s t a l l i z e d  f rom a lcohol  to give 0.1 g (50%) of ye l low Va with mp  235-237 ~ Found ~c: C 66.8; H 5.9; N 
12.6.  CI2HIaN202. Ca l cu l a t ed  %: C 66.6; H 5.6; N 12.9. 

1 , 5 - D i o x o - 3 , 3 , 7 , 7 - t e t r a m e t h y l - l , 2 , 3 , 4 , 5 , 6 ,  7, 8 -oc tahydrophenaz ine  (Vb). This  compound was obtained 
l ike Va in 60% y ie ld  f rom IVb and had mp 202-208 ~ (from alcohol) .  Found ~ :  C 70.8; H 7.6; N 10.4. 
CI6H12N202. Ca lcu la t ed  %: C 70.5; H 7.4; N 10.3.  

1 , 5 - D i o x o - 3 , 7 - d i p h e n y l - l , 2 , 3 , 4 , 5 , 6 , 7 , 8 - o c t a h y d r o p h e n a z i n e  (Vc). This  was obta ined l ike Va in 60~c 
y i e ld  f rom IVc and had mp 248-253 ~ (from dioxane) .  Found ~c: C 78.4; H 5.5; N 7.8. C24H20N202. Ca l cu -  
l a t e d % :  C 78 .2 ;H 5 . 4 ; N  7.6. 

1 , 5 - D i a c e t o x y - 3 , 7 - d i p h e n y l - 2 , 3 , 4 , 6 , 7 , 8 - h e x a h y d r o p h e n a z i n e  (VIc). A 0.30 g s a m p l e  of c rude  IVc was 
d i s s o l v e d  by hea t ing  in a m i x t u r e  of 4 ml  of ace t i c  anhydr ide  and 4 ml  of pyr id ine ,  and the solut ion was a l -  
lowed to s tand  at  r o o m  t e m p e r a t u r e  for  3 h and then hea ted  on a w a t e r  bath  for  1 h. Cooling of the solut ion 
p r e c i p i t a t e d  0.20 g (54%) of VIc as  ye l low c r y s t a l s  wi th  m p  258-265 ~ (from dioxane) .  Found %: C 73.9; H 
5.6; N 5.8. C28H26N2H 4. Ca lcu la t ed  ~c: C 73.9; H 5.7; N 6.1. 

1 , 5 - D i h y d r o x y - 3 , 7 - d i p h e n y l - 1 , 2 , 3 , 4 ,  5,6, 7 ,8 ,9 ,10-decahydrophenaz ine  (VIIc). Sodium b o r o h y d r i d e  
[0.30 g (8 mmole) ]  was added to a suspens ion  of 0.74 g (2 mmole )  of IVc in 50 ml  of e thanol .  The fOllowing 
day,  the  a lcohol  was r e m o v e d  by d i s t i l l a t i on ,  and the r e s i d u e  was washed  with  w a t e r  to give 0..67 g (89~) of 
c o l o r l e s s  p la tes  of VIIc with mp  235-237 ~ (from dioxane) .  Found %: C 77.0; H 6.7; N 7.4. C24H26N202. C a l -  
c u l a t e d % :  C 76 .9 ;H  7 .0 ;N 7.5. 

The IR s p e c t r a  we re  r e c o r d e d  with  an IKS-14 d o u b l e - b e a m  s p e c t r o p h o t o m e t e r  with NaC 1 p r i s m s  
(minera l  oil  suspens ions )  or  wi th  L i F  p r i s m s  (hexachlorobutadiene  su spens ions ) .  

I. 

2. 
3. 
4.  
5. 
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