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The photochemical reaction of 9,10-anthraquinone (I) with ammonia in acetonitrile solution, which leads 

to the formation of the i- and 2-arninoanthraquinones ((If) and (III) respectively), was described previously [I]. 

In view of the recent communications on the photochemical addition reactions of weak CH donors [2, 3] and 

dienes [4] to the carbonyl group of an~hraquinone it was impossible to exclude the possibility that acetonitrile 

would reacL in a similar manner during the photoamination of (1), especially as ammonia, based on the data 

given in [2], is a catalyst of the indicated addition reaction. 

In the present paper we established that the irradiation (k _>_ 300 nm) of (I) in acetoldtrile solution, con- 

taini~g ammonia, gives, along with the direct amination products ~ also the adduct of quinone (I) with the sol- 

vent, which, on the basis of the analytical and spectral data, was assigned the structure of 9-hydroxy-9-cyano- 

methyl-10-anthrone (IV) o The reaction of anthraquinone with acetonitrile was previously unknown, despite its 

extensive use as a solvent in photochemical reactions. A study of the conditions that affect the photoaddition of 

acetonitrile disclosed that the photoreaction of (I) with acetonitrile practically does not go in the absence of am- 

monia. In the presence of ammonia u~der aerobic (or anaerobic) conditions the photolysis of (1) is the same 

using either aqueous or gaseous ammonia (Table i). In an argon atmosphere the yield of anthrone (IV) exceeds 

that of the amination products. The amount of anthrone (IV) increases with increase in the photolysis time and 

reaches 54% after 8 h of irradiation, in which connection the yield of amines (II) and (III) is 7%. 

The formation of (IV) could not be established in the presence of atmospheric oxygen. The possible rea- 

sons for this are: I) that the photoaddition of acetonitrile to (I) proceeds with the involvement of radical inter- 

mediate particles that are unstable to aerobic conditions (cf. [2]), and 2) the low stability of the anthrone itself 

under aerobic photolysis conditions.* The presence of small amounts (1-5%) of anthrone (IVt during the photol- 

ysis of (1), with a simultaneous bubbling of air and ammonia gas through the reaction mixture (see Table !), 

can also be related to the local creation of anaerobic conditions during reaction. 
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As a result, depending on the conditions, when (I) is irradiated in acetonitrile, containing ammonia, the 

reaction can proceed either as direct replacement of the hydrogen atom by the amino group [1] or as reacLion 

with the solvent at the carbonyl group. The presence of atmospheric oxygen favors direct amination, w~hile in 

an inert atmosphere the principal process is the photoaddition of acetonitrile to give the anthrone. 

* It was shown by special experiment that when a mixture of anthrone (V~), anthraquinone (1), and aqueous am- 

monia is irradiated (4 h) in the presence of atmospheric oxygen the a~,throne is -- 20-30% converLed to anthra- 
quinone and its subsequent partial amination. 
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T A B L E  1. P h o t o l y s i s  of 9 , 1 0 - A n t h r a q u i n o n e  (I) in A c e t o n i t r i l e  a t  
25_30oc 
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* C a l c u l a t i o n  of  the  y i e l d  of (III) avd  (IV) was  b a s e d  on the  q u a n t i t a -  
t i ve  a n a l y s i s  da t a  fo r  c h r o m a t o g r a p h i c a l l y  p u r e  m i x t u r e s  of  (III) and 
(IV). 

C(i i i  ) i s  the  a v e r a g e  a m o u n t  of  (III) in  %, which  was  found f r o m  the 
UV s p e c t r a  of  c h r o m a t o g r a p h i c a l l y  p u r e  m i x t u r e s  of  (Ill) and  (IV).  

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

The IR s p e c t r a  w e r e  r e c o r d e d  on a C a r l  Z e i s s  U R - 2 0  s p e c t r o p h o t o m e t e r ,  t he  e l e c t r o n i c  a b s o r p t i o n  
s p e c t r a  w e r e  r e c o r d e d  on a B e c k m a n  DU-8  s p e c t r o p h o t o m e t e r  (in e thano l ) ,  and  the  PMR s p e c t r u m  was  r e -  
c o r d e d  on a Va r i an  A - 5 6 / 5 6 A  i n s t r u m e n t  (60 MHz) in  CDC13. The c h r o m a t o g r a p h i c  s e p a r a t i o n  of  the  p r o d u c t s  
was done on s i l i c a  ge l  c o l u m n s ,  u s i n g  a 1 : 1  b e n z e n e - C H C 1 3  m i x t u r e  a s  the  e luen t .  

G e n e r a l  P h o t o l y s i s  Method .  A s o l u t i o n  of 0 .150  g of (I) in 150 ml of  a c e t o n i t r i l e  was  b lown f o r  15-20 
ra in  wi th  a r g o n  (or  a i r ) ,  a m m o n i a  gas  was  p a s s e d  t h r o u g h  (or  20 m l  of 25% a q u e o u s  a m m o n i a  s o l u t i o n  was  
a d d e d ) ,  and  the  m i x t u r e  w a s  i r r a d i a t e d  in  P y r e x  v e s s e l s  wi th  the  l igh t  f r o m  a DRSh-500  m e r c u r y  l a m p  a t  25-  
30~ m a i n t a i n i n g  the  bubbl ing  of a r g o n  {air) and  a m m o n i a  g a s .  A t  the  end of  p h o t o l y s i s  the  so lve n t  was d i s -  
t i l l e d  off u n d e r  r e d u c e d  p r e s s u r e ,  the  o i ly  r e s i d u e  was  r u b b e d  in p e t r o l e u m  e t h e r  (o r  w a s h e d  wi th  w a t e r } ,  and  
the  p r e c i p i t a t e  was  f i l t e r e d ,  d r i e d ,  and  c h r o m a t o g T a p h e d ,  e lu t ing  in  s e q u e n c e  the  u n r e a c t e d  q u i n o n e ,  1 - a m i n o -  
an th raqu inone ,  and  a m i x t u r e  of  2 - a m i n o a n t h r a q u i n o n e  and the  a n t h r o n e ,  which  was  q u a n t i t a t i v e l y  a n a l y z e d  v i a  

the  UV s p e c t r a .  The  m i x t u r e  can  be  s e p a r a t e d  c h r o m a t o g r a p h i c a l l y ,  but  due to  the  c l o s e  Rf  v a l u e s  i t  i s  d i f f i -  
cu l t  to ob ta in  quan t i t a t i ve  d a t a .  The  a m o u n t  of  a m i n e  {Ill) in % (CIII) in  the  m i x t u r e s  was  d e t e r m i n e d  a t  a w a v e -  
l eng th  of 453 nm u n d e r  p r o g r a m m e d  s p e c t r o p h o t o m e t e r  o p e r a t i n g  c o n d i t i o n s .  H e r e  the  a m o u n t  of  a n t h r o n e  (IV) 
was  e s t i m a t e d  v i a  the  d i f f e r e n c e  (100 - CIII)%, o n t h e  a s s u n ~ p t i o n t h a t  o t h e r  c o m p o n e n t s  a r e  a b s e n t  in t he  m i x -  
t u r e .  To c h e c k  the ob ta ined  r e s u l t s  t he  a m o u n t s  of  (IIl) and  (IV) w e r e  c a l c u l a t e d  f r o m  the  op t i c a l  d e n s i t y  a t  
wave l eng ths  of  275 nm (E (IV) 30129,  e (HI) 25199} and  453 .3  nm (~ (IV) 0, e (III) 3945).  Both  v a r i a t i o n s  gave  
r e s u l t s  tha t  a g r e e d  wi th in  t h e  l i m i t s  of  m e a s u r e m e n t  e r r o r ,  wh ich  was  1.5% of  t he  a b s o l u t e  v a l u e .  

The  a n a l y t i c a l  s a m p l e  of  9 - h y d r o x y - 9 - c y a n o m e t h y l - 1 0 - a n t h r o n e  (IV) was  o b t a i n e d  by  s u c c e s s i v e  r e c r y s -  
t a l l i z a t i o n  of a c h r o m a t o g r a p h i c a l l y  p u r e  m i x t u r e  of 2 - a m i n o a n t h r a q u i n o n e  and the  a n t h r o n e  f r o m  b e n z e n e  and 
CC14 a s  whi te  n e e d l e s  wi th  m p  169-173~ ( d e c o m p n . ) ;  IR s p e c t r u m  (CHCI3, v ,  cm-1 ) :  1060 {CO), 1680 (C = O ) ,  
2260 ( C =  N), 3585 (OH). U l t r a v i o l e t  specLrum:  ?'max 235 s h ,  275 n m ,  l og  e 3 . 9 6 ,  4.21o PMR s p e c t r u m  ( 5 ,  
ppm) :  2 .80  s (2H, CH2), 3 . 0 6 s  (1H, OH),  7 . 2 0 - 8 . 2 5 m ( 8 H a r o m . ) .  F o u n d : C  7'7.37; H 4 . 4 3 ;  N 5.74%. Cl~Hil-  
NO2. C a l c u l a t e d :  C 77 .11 ;  H 4 . 4 2 ;  N 5~176 

C O N C L U S I O N S  

When 9 , 1 0 - a n t h r a q u i n o n e  i s  i r r a d i a t e d  in a c e t o n i t r i l e  s o l u t i o n ,  c on t a in ing  a l m ~ o n i a ,  in an a r g o n  a t m o -  
s p h e r e ,  t he  pho toadd i t ion  of  the  so lven t  to  the  c a r b o n y l  g roup  of the  qu inone  o c c u r s  to  ~ v e  9 - h y d r o x y -  9 - c y a n o -  
m e t h y l - 1 0 - a n t h r o n e .  
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We found that the hydrolys is  of f l-ethylthiocrotonaldehyde diethyl acetal  (I} at 60~ does not lead to the 
expected 2-ethyl thioerotonaldehyde (II) [1], but instead to its i somer ,  namely methyl fl-ethylthioviny] ketone 
(IH) (60% yield),  which is formed as a mixture of the cis and t rans  i somer s  in a 1 : 9 rat io.  The strucLure of 
(III) was proved by the PMR and IR spec t roscopy  methods [2], and also by prepar ing  the corresponding 2 ,4 -  
dini trophenylhydrazone (IV) (2,4-DNPH).  
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When hydrazone (IV) is heated (80~ for a long t ime in an acid medium it is converted to 1 - (2 ,4 -d in i t ro -  
phenyl ) -3-methylpyr razo le  (V), whose s t ruc ture  is conf i rmed by the PMR spect rum (Table 1). Under milder  
conditions (20~ the hydrolys is  of acetal  (i} leads to the expected fl-ethylthiocrotonaldehyde (II} (70% yield).  
Its 2 ,4-dini t rophenylhydrazone (VI) differs f rom the i somer ic  hydrazone (IV) in its melting point and PIYLR 
spec t rum.  When (VI) is heated in an acid medium it cycl izes  to 1-(2 ,4-dini t rophenyl) -5-rae thylpyrrazole  (VII), 
which i somer ic  with pyr razo le  (V). 

In contras t  to the 2 ,4-dini t rophenylhydrazone of fi-ethylthioaerolein [3], hydrazone (VI) when h~ated with 
excess 2 ,4-dini t rophenylhydrazine does not form the r ea r r angemen t  product.  When aldehyde (II} is he, ted in 
an aqueous acid medium (60~ 1.5 h) it is quantitatively converted to ketone (II1), and consequently the yield 
of ketone (III) f rom acetal  (I) can be explained by the intermediate  formation of aldehyde (II}. 

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

The PIVIR spec t ra  were obtained on a Tesla BS-487B spec t romete r  (80 MItz). The IR spectra  were r e -  
corded on a UR-20 ins t rument .  

1 -E thy l th io - l -bu ten-3 -one  (II1). A mixture of 41.4 g of (I), 32 ml of water ,  0.1 ml of conc.  HCI, and 
40 ml of EtCH was s t i r r ed  at 60~ for 4 h. The organic l aye r  was separa ted ,  the aqueous layer  was extracted 
with e ther ,  and the ether  extracts  were  combined with the oil layer  and dried over MgSO 4. The ether was r e -  
moved and the residue was vacuum-dis t i l led  to give 15.5 g (60%) of (HI}, bp 70~ (1 ram), n~ 1. 5340, d42~ 
1.0270. Found: C 55.39; H 7.50; S 24.40% ~ C~H10OS~ Calculated: C 55.37; H 7.67; S 24.63%. Infrared spec-  
t rum (micro layer ,  v, cm-1): 1555 (C----C), 1660 (C----O) (ef. [2]). 
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