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The  r e a c t i o n  of i s a t i n  O - m e t h y l  e t h e r  wi th  h y d r a z i d e s  of  a r o m a t i c  a c i d s  g i v e s  the  c i s  and 
t r a n s  f o r m s  of a - a r o y l h y d r a z o n e s .  

In  c a r r y i n g  out the  r e a c t i o n  of i s a t i n  O - m e t h y l  e t h e r  wi th  the  h y d r a z i d e s  of b e n z o i c  and s u b s t i t u t e d  
b e n z o i c  a c i d s  ( I - I I I )  in  o r d e r  to  o b t a i n  i s a t i n - a - a r o y l h y d r a z o n e s  ( I V - V I ) ,  in e a c h  c a s e  we i s o l a t e d  two i s o -  
m e r s  ( I V a - V I a  and IVb-VIb  ) w i th  d i f f e r e n t  c o l o r s ,  s o l u b i l i t i e s  in  aqueous  a l k a l i s  and o r g a n i c  s o l v e n t s ,  and 
s o m e  d i f f e r e n t  c h e m i c a l  p r o p e r t i e s  ( s e e  T a b l e  1 ) .  
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" Ill IV - VI 

I,IV X=H; II,V X=O-Br; III,VI X=P-Ci 

Compounds  I V - V I  can  e x i s t  a s  s e v e r a l  t a u t o m e r i e  f o r m s  and two s t e r e o i s o m e r s .  Th i s  s o r t  of i s o m e r -  
i s m  in the  i s a t i n  s e r i e s  has  b e e n  s t ud i ed  only  in  a few c a s e s :  i s a t i n  c~-anil was  i s o l a t e d  in two t a u t o m e r i e  
f o r m s  [1], and i sa t in - f i  - g u a n y l h y d r a z o n e  and N - m e t h y l -  fi - s e m i c a r b a z o n e  w e r e  o b t a i n e d  in c i s  and t r a n s  
f o r m s  [2,3]. C o n t r a d i c t o r y  m e l t i n g  poin t  da t a  a r e  p r e s e n t e d  in  the  l i t e r a t u r e  fo r  a n u m b e r  of  h y d r a z o n e s  of 
i s a t i n  ( the  f i - t h i o s e m i c a r b a z o n e ,  fo r  e x a m p l e  [4]) ,  wh ich  i s  a p p a r e n t l y  a s s o c i a t e d  wi th  t h e i r  e x i s t e n c e  in  
d i f f e r e n t  f o r m s .  

In t h i s  connec t ion ,  the  e l u c i d a t i o n  of the  s t r u c t u r e  of the  c o m p o u n d s  tha t  we have  o b t a i n e d  s e e m s  of 
g e n e r a l  i n t e r e s t .  

T A B L E  1. 

Corn- Color pound 

IVa Yellow 

IV5 Red 

Va Yellow 

V6 Red 

Via Yellow 

VI5 Red 

VIII Yellow 

IX Red 

I s a t i n -  a -  and I s a t i n - f i -  a r o y l h y d r a z o n e s  

Mp(crystal- Empirical 
lization formula 
solvent) 

263--266* CIsHuNsO2 

266--267 C15HnNsO2 
(benzene) 
258--262* CisHloBrNaO~ 

264 ClsHloBrNaOa 
( eth an01) 
266--27~ ~ CIsH~oCIN302 

272--273 C15HmCIN302 
(ethanol) 
239--240 C ~sH loB rNaO~ 
( ethanol) 
303--304 CI~HmC|N302 
(ethanol) 

_ .Found, % 

c H N C o7,8! 15, t 6%o 
67,7 15,5 ] 
68,0 15,8 / 67,9 
68,2 15,8 / 

- -  1 2 , 4  / - -  

12,2 ] 
12,4 ] 
12,3 / 
13,8 J 
13,8 / 
13,9 
13,8 / 

- 12,21 
12,1/ 
13,9[ 
13,9 | 

Calc '  % 
j Yield, 

H N % 

4,2 15,8 30 

4,2 15,8 32 

- -  12,2 32 

-- 12,2 2 

-- 14,1 6 

- -  14,1 34 

- -  12,2 81 

- -  14,1 85 

* The compound  t u r n s  r e d  above  100 deg  C. 
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To prove the s t ruc tures  of IV-VI, we recorded  their  IR and UV spect ra  ( for  IVa and IVb), determined 
the conditions of in terconvers ion of fo rms  a and b, and studied some of their  chemical  proper t ies .  In addi- 
tion, the corresponding i sa t in - f i -a roy lhydrazones  (VII-IX) were prepared  to compare the absorption spectra .  

~ N--NHCOC6H4X 

~o 
H 

VII - IX  

VII X~H; VIII X=O-Br;  IX X = P - C |  

The UV spect ra  of IVa and IVb do not differ f rom one another (kma x 265, 320, 445 nm),  which makes 
it possible to assume that they have s imi la r  chemical  s t ruc tures .  

The major  differences in the IR spec t ra  of the two forms  are  observed in the charac te r i s t i c  absorp-  
tion frequencies of the carbonyl group of the isatin ring. Substances IVa-VIa have an intense band of the 
absorption of the C=O group at 1728-1730 cm -1, which is close to the absorption of the C=O groups of isatin 
(1738 cm-1).  However, IVb-VIb have an absorption maximum of the C=O group at 1700 cm -1, which c o r r e s -  
ponds to the C=O absorption in VII-IX. The same shift in the absorption maximum of the C=O group of the 
isatin ring was observed in a number of isat in-  fl -hydrazones  [5-7] and was due to its part icipation in the 
formation of an in t ramolecular  hydrogen bond. 

On the basis of this, it can be assumed that IVa-VIa are  the t rans  forms of hydrazones in which the 
fi -carbonyl  group of isatin is not tied up in an in t ramolecular  hydrogen bond, while IVb-VIb are  the cis 
forms of the hydrazones with a s t rong in t ramolecular  hydrogen bond. 

�9 i =  0 

H NHCOC6~I4X It 

I V a - V l a  I v b - v l b  

Yellow compounds IVa-VIa are  readily converted by heating or  by the action of sunlight to red com-  
pounds IVb-VIb. The deepening of the color  and the g rea t e r  stability of IVb-Vl'b can be explained by the 
presence of an in t ramoleeular  hydrogen bond. 

Compounds of the a form dissolve readily in organic solvents and in aqueous alkalis,  while compounds 
of the b form are soluble with difficulty in most  organic solvents and insoluble in aqueous alkalis.  Similar  
observat ions with respect  to the solubility of a number  of hydrazones are  presented in [8] and are  explained 
by the formation of an in t ramoleeular  hydrogen bond. 

The difficulty of the formation of dihydrazones in the react ion of IVb-VIb with a second molecule of 
aroylhydrazine (we could not obtain an isatin dihydrazone f rom IVb and benzoylhydrazine under the condi- 
tions of the formation of VII) can apparently be explained by the part icipat ion of the fl -carbonyl  group of 
IVb-VIb in the formation of a hydrogen bond. An instance in which the imino group was not acylated because 
of its participation in the formation of a hydrogen bond is presented in [9]. 

Compounds IVb-VIb are  converted to IVa-VIa under the influence of  concentrated hydrochlor ic  acid. 

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

I sa t in -~ -a roy lhydrazones  (IV-VI).  A saturated alcohol solution of 0.01 mole of aroylhydrazine  was 
added to a solution of 0.01 mole of isatin O-methyl  e ther  [10] in 100 ml of anhydrous benzene, and the mix-  
ture was s t i r red  and allowed to stand at room tempera ture .  After 5-7 rain, a yellow precipitate (IV and V; 
the precipitate began to redden after  0.5 h) or  a reddish precipitate (VI) began to form. After 0.5 h, the 
precipitate was fil tered, washed with a small  amount of alcohol, and vacuum dried at room tempera ture .  
The reaction product was dissolved in 150 ml of 0.5 N sodium hydroxide and fi l tered.  The fi l trate was acid-  
ified with 0.5 N hydrochlor ic  acid. The yellow precipitate of IVa-VIa was fil tered, washed with water  until 
it gave a neutral  reaction,  washed with a smal l  amount of alcohol, and vacuum dried at room tempera tu re  
to constant weight. The red precipitate formed in the preparat ion of VI contained p r imar i ly  the a lkal i - in-  
soluble form. It was washed on the f i l ter  with water  until it gave a neutral reaction,  dried, and combined 
with VIb (see below), since the substances were  identical. Compounds IVa-VIa are  yellow, crystal l ine sub- 
s tances that are  readily soluble in alcohol, benzene, acet ic  acid, and dioxane, very  readily soluble in 
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aqueous sodium hydroxide, and insoluble in water and petroleum ether. 

The mother liquor was allowed to stand for 12 h at room temperature. The resulting red precipitate 
of IVb-VIb was filtered, dried, and recrystallized from large amounts of solvents. The red, crystalline sub- 
stances were slightly soluble in benzene, alcohol, acetic acid, and dioxane, and insoluble in aqueous sodium 
hydroxide, water, and petroleum ether. 

Isomerization of trans-Isatin- ~ -aroylhydrazones (IVa-VIa) to cis-Isatin- ~ -aroylhydrazones (IVb- 
VIb). A) A 0.4 g sample of IVa-VIa was dissolved in 250 ml of boiling benzene, and the solution was r e -  
fluxed for 20 rain on a water  bath. The mixture was cooled and allowed to stand for 6 h. The precipitate 
was fi l tered,  washed with benzene, and dried to give 0.38-0.39 g (95-97%) of products  that were identical to 
IVb-VIb, respect ively .  Evaporat ion of the f i l t rates  gave additional amounts of these compounds. The same 
convers ion of IVa-VIa occurs  when they are  heated in alcohol, acet ic  acid, dioxane, and other solvents.  

B) A 0.1 g sample of IVa-VIa was dissolved in 50 ml of alcohol, and the solutions were  allowed to 
stand in sunlight at room tempera ture .  Compounds IVa-VIa were converted quantitatively to IVb-VIb, r e -  
spectively,  af ter  3.5 h. The same t ransformat ion  occurs  in diffuse daylight af ter  12 h. 

Isornerizat ion of e i s - I sa t in -  ~ -a roy lhydrazones  (IVb-VIb) to t r ans - I s a t i n -  ~ - a roy lhydrazones  (IVa- 
Via).  A 0.3 g sample of IVb-VIb was dissolved with s t i r r ing  in 30 ml of concentrated hydrochlor ic  acid, and 
the solution was allowed to stand for 30 rain at room tempera ture .  It was then diluted with a fourfold quan- 
tity of water ,  and the resul t ing yellow precipi tate  was fi l tered,  washed with water  until it was neutral,  and 
repreeipi ta ted f rom aqueous sodium hydroxide by the addition of hydrochlor ic  acid. The precipi tate  was 
washed and dried as descr ibed for  the preparat ion of IVa-VIa to give 0.1-0.12 g (33-40%) of products  that 
were identical to IVa-VIa.  

Isat in- /3-aroylhydrazones (VII-IX). A saturated alcohol solution of 0.01 mole of acid hydrazide was 
added to a sa turated hot solution of 0.01 mole of isatin in alcohol or  dioxane, and the mixture was refluxed 
on a water  bath for 1 h. The precipitate was fi l tered,  washed with hot water ,  and dried to give 81-85% of 
products that were  soluble in alcohol, dioxane, and acet ic  acid, slightly soluble in benzene and aqueous alka-  
lis, and insoluble in water  and petroleum ether .  

Isat in-f i -benzoylhydrazone (VII) was obtained by a known method [11]. 

The IR spec t ra  of potassium bromide pellets of the compounds were  recorded  with a UR-20 spec t ro -  
photometer .  The UV spect ra  of alcohol solutions were  measured  with an SF-4A spect rophotometer .  
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