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A n L h r a [ 1 , 2 - c ] - ] , 2 , 5 - o x a d i a z o l ~ - 6 , 1 1 - d i n n e  ( I )  r e a d i l y  r e a c t s  w i t h  

ammonia and primary and secondary amines, being converted with a 
yield of about 80w83~ into the corresponding 4-amino derivatives of 
anthra[1,2-c]-1,2,5-oxadiazole-6,11-dione (III). 

A n t h r a [ 1 , 2 - c ] - l , 2 , 5 - o x a d i a z o l e - 6 , 1 1 - d i o n e  (I), the 
r e a c t i o n  of which with b i su l f i t e  has  been  d e s c r i b e d  
p r e v i o u s l y  [2], r eac t s  with amines  with even  g r e a t e r  
r e a d i n e s s  than i ts  s e l e n a  and th in  analogs [3, 4]. Even  
at room t e m p e r a t u r e  and in  the absence  of oxygen the 
act ion of a l iphat ic  amines  gives  amino de r iva t i ve s  of 
II with y ie lds  of m o r e  than 80%. The o ther  pa r t  of the 
in i t i a l  quinone undergoes  f a r - r e a c h i n g  degrada t ion  and 
i s  conver ted  into a m ix tu r e  of r e s i n o u s  subs t ance s ,  obv i -  
ous ly by the oxidation of the p r i m a r y  addit ion produc ts .  

To d e t e r m i n e  the pos i t ion  of e n t r y  of the amine  
r e s idue  into the an thraquinoneoxadiazo le  molecu le ,  i t  
was f i r s t  p roposed  to use  i t s  su l fonic  acid de r iva t i ve s  
HI and IV [21. However,  in  an aqueous so lu t ion  of cy -  
c lohexylamine  both the 4 - su l fon ic  acid HI and the 5-  
sulfonic  acid (IV) a re  conver ted  into the s a m e  c o m -  
pound IIf as the unsubs t i tu t ed  quinone I,  i . e . ,  the ad-  
di t ion of the amine  to one of the sulfonie  acids i s  a c -  
companied  by the sp l i t t ing  off of the suffo g roup  f r o m  
the ne ighbor ing  ca rbon  atom. 

The t r e a t m e n t  of the 4 - su l fon ic  acid R-I with p o t a s -  
s i um chlora te  in  hydroch lo r i c  acid leads  exc lus ive ly  
to 4 -eh lo roau th ra [  1 ,2-c  ] - l , 2 , 5 - o x a d i a z o l e - 6 ,  l l - d i o n e  

t ional  ch lo r ina t ion  occurs .  Authraquinoneoxadiazole  I 
i t se l f ,  as has  been  e s t ab l i shed ,  smoothly  ch lo r ina t e s  
unde r  these  condi t ions  in  pos i t ion  4. Consequent ly  the 
d ichloro  de r iva t ive  i so la ted  in  the e x p e r i m e n t s  with 
the 5 -su l foa ic  acid IV was  ass igned  the s t r u c t u r e  of 
4 , 5 - d i c h l o r o a n t h r a [ 1 , 2 - c ] - l , 2 , 5 - o x a d i a z o l e - 6 , 1 1 - d i o n e  
(w). 

The r e a c t i o n  with cyc lohexylamine  of the 4 - c h l o r o -  
an thraquinoneoxadiazole  V and the unsubs t i t u t ed  qu i -  
none I has  g iven  one and the s a m e  amino  de r iva t ive  
IIf, and the 4 ,5 -d ich lo ro  subs t i tu ted  compound VI has 
given compound VII (R = H, R = CGHll) , which has also 
been  syn thes i zed  by the ch lo r ina t ion  of ]If with s u l -  
f u r y l  chlor ide .  It fol lows f r o m  this  that a ch lo r ine  atom 
in  pos i t ion  4 of aa thraquinoneoxadiazole  is  r ep l aced  
by an amine  r e s i due  while one in pos i t ion  5 is  not af -  

fec ted  and that  the products  of the r e a c t i o n  of the qu i -  
none I with amines  a re  the 4 - a m i n o  de r i va t i ve s  II. 

Chlor ine  in  pos i t ion  4 of an thraquinoneoxadiazole  is  
so mobi le  that  i t  i s  r e p l a c e d  even  by a t e r t i a r y  amine  
r e s idue .  Thus,  when 4 - c h l o r o a n t h r a [ 1 , 2 - c l - 1 , 2 , 5 -  
oxad iazo le -6 ,11-d ione  (V) is  boi led  in  pyr id ine ,  the 
q u a t e r n a r y  p y r i d i n t u m  sa l t  VIII i s  fo rmed .  In the an -  

th raqu inone  s e r i e s ,  this  r e a c t i o n  has  been  d e s c r i b e d  
only for  the o - n i t r oha l oa n t h r a qu i none s  [5]. 

The 4 - a m i n o  de r iva t i ve s  II were  obtained f r o m  a m -  
mon i a  and the p r i m a r y  and seconda ry  a l iphat ic ,  h e t e r o -  

. - - o  o N - ?  o - ?  

SO~Na 

0 0 0 SO~Na 

I IV 

0 N - - O  0 N - - O  0 N - - O  
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(V) [2] while  in  the case  of the 5 - su l fon ic  acid IV, in  
addit ion to the r e p l a c e m e n t  of the sulfo group,  addi -  

*For pa r t  VI, see  [1]. 

cyc l i c ,  and a roma t i c  a m i n e s  g iven in  the tab le .  The 
co lo r  of the compounds  depends  c o n s i d e r a b l y  on the 
subs t i t uen t  a t tached to the amine  n i t rogen .  The p o s i -  
t ion  of the abso rp t ion  m a x i m u m  shif ts  f r o m  532 mn  
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4 - A m i n o  D e r i v a t i v e s  of Anthra[ 1 , 2 - e ] -  1 , 2 , 5 - o x a d i a z o l e - 6 ,  l l - d i o n e  (II) 

Com- 
pound 

lla 

lib 

l ie 

l id 

lie 

Ug 

]If 

l ib 

Ili 

ni 

Ilk 

III 

llm 

f in 

IIo 

Ilp 

Hq 

IIr 

IIs 

N R R "  

NHCHs 

NH (CHz) zCHa 

NH(CH~)~CHz 

NH (CH~) ~CI% 

Mp, ~C 
(solvent) 

N ( c ~ )  

N(C~H~)~ 

N (n-C~H~) 

N (CHeCHeOH)~ 

NHC~Hs 

NHC~H~CHa-p 

NHC~H~CI-p 

NHC~H~OH-p 

NHC~H~NH~-p 

decomp. 320 
(n i trobenzene)  

279 280 
(nitrobenzene) 

222 223 
( ethanol ) 

2181219 
( ethanol ) 

235.5--236 
( ethanol ) 

245.6--246 
( d i o x a n e )  

270 (d~omp.)  
( dimethylformamide ) 

280--281 
( et~.o~ ) 

236~237 
( ethanol ) 

1531154 
( ethanol ) 

209--210 
( ethanol ) 

259--261 
(ethanol) 

265--267 
( ehlorobenzene ) 

258--259_5 
( ethanol ) 

252--253.5 
( ehlorobenzene ) 

284.5--286 
(triehlorobenzene) 

302.--3O4 
( dioxane ) 

deeomp. 305 
( aqueous dioxane ) 

~90 {decomp.)  
( dioxane ) 

~max, nm (log e ) 
(in ethanol) 

532* 

544 (4.06) 

542 (4.10) 

540 (4.10) 

543 (4.10) 

545 (4.~o) 

535* 

560 (4.12) 

564 (4.16) 

566 (4.18) 

560 (4.10) 

565 (4.12) 

570 (4.06) 

540 (4.09) 

547 (4.14) 

550 (4.15) 

545 (4.06) 

567 (4.13) 

572 (4.1 l) 

*Saturated solution 
**Found, %: CI 9.32, 9.24. Calculated, %: CI 9.45. 

Found, % 
Empirieal formula 

C H 

CI~HTN3Oa 

C~sH~N30~ 

C~sHt~NaO~ 

C~oH~gNaOz 

C~oH17N303 

C~H~N304 

C~sH~aN303 

C]~H~sNzOz 

C~H~NzO~ 

C:sH~sNzO5 

CIgHIsN303 

C~H~TN3Os 

C~aH~3N30~ 

C~oHI~NaO~ 

C~H~3N~O~ 

C~HIoCINaOo** 

C~oH~N~O4 

C~0H~N~O~ 

63.36 
63.15 

64.74 
64.66 

68.27 
68.07 

68.58 
68.54 

69 25 
~9241 

65.45 
65.38 

69.90 
69_85 

68.54 
68.47 

64.39 
64.71 

70_ 16 
70.22 

71.19 
70.90 

67.41 
67.35 

2.75 
2.87 

&40 
3.54 

5.04 
5.05 

5_53 
5.44 

4.98 
5.22 

4.02 
3.95 

6_05 
5.93 

4.62 
4.58 

4.11 
3.83 

3.:t4 
3.15 

3.68 
3.9'2 

3.28 
3.15 

15.64 

14.88 
14.8i 

12.82 
12.97 

12.58 
12.77 

11.90 
11.85 

12.02 
12.03 

13.38 
13.29 

14.28 
14_15 

13.04 
13.29 

11_17 
11.25 

11.70 
11.62 

12.72 
12.64 

11.92 
12.15 

12.60 
12_74 

12.11 
12.02 

11.91 
11.79 

10.93 
11.07 

11.64 
11.63 

15.81 
15.88 

Calculated, % 

c H 

63.40 2.65 

64.51 3-25 

68.05 5_ 1 t 

68.75 5_48 

69.15 4 93 

85.52 3.78 

70.01 6.14 

68.40 4.54 

64.47 3.91 

70.38 3.25 

70_98 3.69 

r 

67.22 3.10 

i 

15.84 

15.05 

13.08 

12.53 

12.03 

12.10 

13.59 

14.33 

13.08 

11_13 

I 1.89 

12.6 ~. 

12.10 

12.53 

12.31 

11,83 

11.19 

11.76 

15.72 
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f o r  t h e  u n s u b s t i k a t e d  ami r~e  I I a  t o  5 4 0 - 5 4 5  n m  f o r  t h e  

m o n o a l k y l a m i n o  a n d  t o  5 6 0 - 5 7 0  n m  f o r  t h e  d i a l k y l -  

a m i n o  d e r i v a t i v e s .  T h e  p h e n y l  r a d i c a l  e x e r t s  a p p r o x i -  

m a t e l y  t h e  s a m e  i n f l u e n c e  a s  t h e  c y e l o h e x y l  r a d i c a l ,  

b u t  t h e  i n t r o d u c t i o n  o f  a n  a m i n o  o r  a h y d r o x y  g r o u p  

i n t o  t h e  p a r a  p o s i t i o n  of  t h e  p h e n y l  c a u s e s  a b a t h e -  

c h r o m i c  s h i f t  b y  2 0 - 2 5  a m .  F r o m  t h e  v a l u e  o f  X m a x  

i n  t h e  l o n g - w a v e  r e g i o r t ,  t h e  4 - a m i n o  d e r i v a t i v e s  o f  

t h e  a r l t h r a q u i u o n e o x a - ,  - t h i a - ,  a n d  - s e l e n a d i a z o I e s  

a r e  a r r a n g e d  i n  t h e  s e q u e n c e :  S < O < S o ,  M t h o u g h  

t h e  a n t h r a d i a z o l e s  t h e m s e l v e s  h a v e  a d i f f e r e n t  s e -  

q u e n c e :  O < S < So.  

T h e  r a t e  o f  t h e  r e a c t i o n  o f  t h e  a n t h r a q u i a o n e d i a -  

z o l e s  w i t h  a m i n e s  r i s e s  o n  p a s s i n g  f r o m  a s e l e a a d i a -  

z o l e  to  a t h i a d i a z o l e  a n d  f u r t h e r  to  a n  o x a d i a z o I e  i n  

a g r e e m e n t  w i t h  t h e  i n c r e a s e  i n  t h e  e l e c t r o n e g a t i v i t y  

of the h e t e r o a t o m .  

EXPERIMENTAL 

4-Aminoantbxa[1,2-e]- l ,2 ,5-oxadiazole-6 ,11-dione (rla). A solu- 
tion of 2.50 g (0.01 mole)  of I in 80 ml  of dioxane at 80" C wastreated 
with 20 ml  of 25% ammonia  and the mixture was boiled for 3 rain.  
After cooling, the precipitate was separated off from the blue solution 
and was washed with 200 mt  of 30% aqueous dioxane and with ethanol.  
This gave 1.92 g (70%) of the red-violet  compound IIa, sparingly 
soluble in organic solvents. 

Similarly, the amino derivatives iIb and lib ( table)were syn- 
thesized using methylamine  and d imethylamine ,  respectively.  

The acetyl derivative IIa forms yellow tet~ahedral prisms (from 
triehlorobenzene), mp 330 ~ C (deecmp).  In concentrated sulfuric acid, 
the substance dissolves with a yellow coloration which changes on 
heating into blue-violet  as a resuk of the transformation into IIa. 
Found, %: N 18.45, 13.30. Caleulated for ClsH�N~O4, %: N 13.67. 

4-  Cyclohewlaminoantbxa[ l ,2  -c]-1,2 ,5-oxadiazole-6,11 - dione 
(IIf), a) A mixture of 2.50 g of I and 25 ml  of eyclohexytamine was 
boiled for 10 rain and was poured into 400 mt  of 5% hydxochlorie 
acid. The precipitate (3.38 g) was filtered off, washed with water, 
dried, and cb~omatographed on a!amina,  being elated with eitloro- 
form. The yield of IIf was 2.83 g (81%). Under the same conditions, 
2.85 g (0.01 mole)  of V gave 2.90 g (83%) of Iif, mp  245--245.5 ~ C; 
mix ,  are of the specimens mp 245--245.8 ~ C. The substance is in-  
soluble in water and dilate mineral  acids and dissolves in chloroform, 
dioxane, and chlorobenzenc with a pink coloration and a strong yellow 
fluorescence, and in sulfuric acid, ethanol,  aqueous dioxane, acetic 
acid, and dimethylformamide with a red-violet  coloration. 

Compounds IIc--g, i --n were obtained similarly using the appro- 
priate amines (table). 

b) A solution of 1.500 g (0.006 m o l e ) o f  I in 15 mt  of dimethyl-  
formamide and a sotution of 0.9 g (0.009 mole)  of eyelohexylamine 
in 4 ml  of dimethyKormamide through which a current of hydrogen 
or a current of nil~ogen freed from oxygen had previously been passed 
for several houxs were mixed at 20 ~ C. A violet coloration immed i -  
ately appeared. After being stirred for 4 bx in a current of gas, the 
soIution was poured into dilute hydrochlorin acid.  Cbxomatography on 
almmina in chloroform yielded 1.280 g (61.5%) of IN and 0.402 g 
(26.6%) of the initial t; yield 83% calculated on the quinone I that had 

~eaeteA. 
c) A sotutinn of 0.002 mole of the  sodium salt of the sulfonie 

acid llI or IV in 12 mi  of water was t~eated with 2 mi  of cyeiohexyl-  
amine and heated at 95 ~ C fe~ 30 rain.  The precipitate was fiItered 
off, washed with hot water, and recrystallized from dioxane. In both 
eases, 0 .41-0 .42  g (~60%)of  compound IIf was obtained with mp 
244.5-245.5  ~ C, giving no depression of the melt ing point in ad-  

mixture with the substance synthesized from I. 
4-Phenylaminoanthr a l l  , 2 - e ] - i  ,2,5 -oxadta zole-6,1! -drone (IIo). 

a) A mixture of 1.25 g (0.005 mole)  of I and 20 g of aniline was 

heated at  130" C for 1 bx. The  excess of anil ine was el iminated by 
t reatment  with 5%0 hydrochloric acid and the residue (1.56 g) was 
ehromatographed on a lumina,  being elated with chloroform. This 
gave 0.25 g (20%) of  the initial [ and 1.I4  g (65%) of  the amino deri- 
vat ive IIo; the yieId caiculated on the I that  had reacted was 81%. 

The amino derivatives IIp and IIq (table) were obtained similarly.  
b) A mixture of 0.57 g (0.002 mole)  of V, 20 ml  of ethylene gly- 

col, and 0.56 g (0.006 mole)  of aniIine was heated at 160 ~ C for 30 
rain and was then cooled to 80* C and diluted with hot water; the 
l~ecipitate wa~ filtered off, washed with water,  and dried; btue 
prisms (from ehlorobenzene); yield 0.62 g (about 90%). The amino 
derivatives Itx and IB (table) were obtained simila~Iy. 

4-Chloroant t~a[1,2-c]- l ,2 ,5-oxadiazole-6 ,11-dione (V), A solu- 
tion of 0.50 g (0.002 mole)  of I in 15 mI  of acetic acid at 90" C was 
treated with 40 ml  of hot  water and 5 ml  of concentrated hydroehlotie 
acid. Over 45 rain, a solution of 1.5 g of potassium chlorate in 20 ml of 
water was added m the boiling suspension, after which the mixture 
was boiled for another 4 hr and the  precipitate (0.52 g) wan separated 
off. After crystall ization from acetic acid, mp 245-245.5 ~ C; a 
mixture with a specimen obtained from the 4-sulfonic acid III [2] had 
mp 245.6--245.9 ~ C. 

4, 5- Diehloroanth~a[1, 2 - e l - l ,  2, 5, -oxadiazole-  6 , 1 t -  dione (VI). As 
described for the sodium salt Ill [2], 1.55 g (0.004 mole)  of the sodiurn 
salt IV was t~eated with potassium cMorate.  The precipitate (0.70 g) 
was dissolved in ehloroform and passed tl~ough a layer of alumina 
and the substance was then crystallized tepeatedly from acet ic  acid 
and benzene.  This gave 0.21 g of elongated light yellow prisms with 
mp  223--223.8 ~ C. Found, %: C 52.49, 52.33; H 1.30, 1.29; C1 22.35, 
22.26; N 8.80. 8.75. Calculated for C14H4CI~N~O3, %: C 52.67; H 1.25; 
CI 22.24; N 8.78. 

5 -Chl~ro -4-eyclohexylamino anthr a [i ,2-e]-1.2.5 -oxadiazole-8, 
l l - d l o n e  (VII). a) A solution of 0.50 g (1.6 mmole)  of VI in 5 ml of 
cyclohexylamine was boiled for 1--2 rain and was poured into dilute 
hydrochloric acid, and the reaction product (0 .a l  g) was crystallized 
from ehlorobenzene and dioxane. Violet brown plates with a golden 
luster, mp 245--246 ~ C. 

b) Over 5 rain,  a mixture  ef  0.40 g (0.008 mole)  of  sulfuryi ehlo- 
rideand 8 mt  of chloroform was added to a boiling solution of 0.294 g 
(0.002 mole)  of Hf in 20 ml  of chloroform. After cooling, the plates 
that had deposited (0.405 g )were  filtered off. A further 0.16 g of sub- 
stance was obtained after the  evaporation of the Nitrate; yield 73%, 
mp  246--247" C, mp of the m i x t ~ e  with the  mater ia l  obtained in 
case (a)--245.7--246.5 ~ C. Found, %: C 62.76i 62.72; H 4.19, 4.30; 
CI 9.17, 9.05; N l l .00 i  10.76. Calculated for C~0H16C1NaO, %: 
C 62.92; H 4.1% CI 9.30; N 11.00. 

Reaction of 4-chloroanthra[1 ,2-c] - l ,2 ,g-oxadiazole-6 ,1I -d ione  
(V) with pyridine. A mixture of 0 . 50g  ( 1 8  mmole)  of V and iS  mt  of 
pyddine was boiled for 2--3 rain.  From the emerald green solution a 
cr]stall ine precipitate deposited from which extraction with methanol  
and subsequent t rea tment  with hot  pyridine and benzene isolated 0.21 
g of the g~ayish yellow pyridinium chto~ide VIII, The substance gives 
a red-violet  coloration in methanol ,  and is very sparingly soluble in 
water forming a yellowish solution, which ~ h e n m a d e  alkaline, deposits 
a green p~ecipitate. The compound was analyzed in the  form of the 
sparingly water-soluble perchlorate.  Found, %: C1 8.15, 8.22; N 9.63, 

9.81. CaIculated for C~HIoCINsOT, %: C1 8.30; N 9.82. 
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