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Polymorphic  modificat ions of c~-(2-benzothiazotyl)-a-phenyl-f l -picrylhydrazine were  ob- 
tained. The s t ruc tu res  of the c rys t a l s  of the polymorphic modifications were  investigated 
by x - r a y  diffract ion and IR and UV spectroscopy,  by a study of the e lec t r ica l  conduetivil ies 
in nonaqueous media,  and by m i c r o c a l o r i m e t r i e  determinat ion of the heats  of solution. It 
is  shown that the physical  and chemical  p roper t i e s  of the compounds obtained depend on 
the i r  mac romolecu la r  s t ruc tu res  in the c rys ta l l ine  state  and in solutions. 

In [1] it  was shown that, depending on the t em p e ra tu r e  conditions of the react ion of a - ( N - m e t h y l - 2 -  
benz imidazoly l ) -a -phenylhydraz ine  with t r in i t roanisole ,  one obtains two products  with the same e lemen-  
t a ry  composit ion corresponding to a - ( N - m e t h y l - 2 - b e n z i m i d a z o l y l ) - a - p h e n y l - ~ - p i c r y l h y d r a z i n e  (I). The 
low- tempera tu re  synthesis  of I yields p ic ry lhydraz ine  In, which is read i ly  oxidized in solution with lead 
dioxide to give the corresponding radical .  The prepara t ion  of I in refluxing alcohol, benzene, and dioxane 
gives co lored  product  Ib, which is  also readi ly  oxidized in solution by lead dioxide, but, in cont ras t  to In, 
the oxidation yields a nonparamagnetic  colored compound. Compound Ia was i r r e v e r s i b l y  conver ted to Ib 
on heating both in solution and in the crys ta l l ine  state,  a - (N-Benzy l -2 -benz imidazo ly l ) - a -pheny l - f i -  
p ic ry lhydraz ine  and (at a somewhat lower rate)  a - (N-pheny l -2 -benz imidazo ly l ) -a -pheny l - f l -p ic ry lhydra -  
zinc undergo s imilar  t ransformat ions .  

To fur ther  study this in teres t ing  phenomenon, we undertook the prepara t ion  of the products  of the 
convers ion of a - (2 -benzo th iazo ly l ) - a -pheny l -~ -p ic ry lhydraz ine  (II) [2], the he te ror ing  of which is of lower 
basici ty  than that of the he te ror ings  of benzimidazole analogs of diphenylpicrylhydrazine (DPPH) [3]. 

Depending on the t empera tu re  conditions and the reagent  concentrat ion,  the picryla t ion of a - ( 2 -  
benzothiazolyl ) -a-phenylhydrazine  in alcohol, benzene,  and diehloroethane gives two different  (with r e -  
spect  to appearance and melt ing point) products  with identical  e l emen ta ry  composit ion corresponding to 
II. An investigation of the conductivit ies of IIa and lib in benzene, their  heats  of dissolving in dioxane, and 

TABLE i. 

Corn- t rap, 
pound ~C 

IIa i 176 
IIb 222 

Crystal 
color 

Orange 
Yellow 

Charac te r i s t i c s  of the Compounds Obtained 

I Heat of d i s -  CrystallOgraphic parameters ..... 
ls~ in 1 ] I dioxane, I space 
I kcal/rnole ~ ~ ~ a~ 6~ v~ i group 

/ 

+0,2 14,51 17.87 8,64 [ 112,5 P211a 
+6,0 11,10 12,05 7,68 / 9~''7 102,1 1~,7 Pi- 

Institute of Chemis t ry ,  Ural  Scientific Center,  Academy of Sciences of the USSR. Trans la ted  f rom 
Khimiya Geterotsiklieheskik_h Soedinenii, No. 3, pp. 322-325, March,  1973. Original a r t ic le  submitted 
F e b r u a r y  28, 1972. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy o f  this article is available from the publisher for $15. 00. 

296 



I, A 
3 

1o -7 

8 
6 

4,10 

5,1 ~'~ 

/ 
2 

U,V 

I00 200 300400 500 

Fig. 1. E lec t r i ca l  conductivi t ies  of ben-  
zene solutions of the hydraz ines :  1) hy-  
draz ine  IIb; 2) hydraz ine  IIa. 
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IR spec t r a  of polymorphic  p i c ry l -  

hydraz ines  I Ia  and lib. 
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Fig. 3. UV s p e c t r a  of p i c ry lhydraz ines  
IIa  and lib: 1) in alcohol; 2) in benzene; 
3) in dichloroethane.  

of the s t ruc tu re s  of the c ry s t a l s  by x - r a y  diffraction (Ta-  
ble 1 and Fig. 1) demons t ra ted  that  the i so la ted  compounds 
a r e  polymorphic .  

Po lymorphie  l ia  and lib have different  IR abso rp -  
tion in the region of the f requencies  of the s t re tching v ib r a -  
t ions of the NH groups  (3230-3350 era-t) ,  of the a s y m -  
m e t r i c a l  v ibra t ions  of the ni tro groups (1520-1550 cm-1), 
and of the s y m m e t r i c a l  v ibra t ions  of the nitro groups and 
the C-N s t re tching vibra t ions  (1280-1360 cm -~) (Fig. 2). 

We were  unable to accompl ish  in te rconvers ions  of 
I Ia  and IIb by prolonged refluxing in different  solvents .  
If the p r o c e s s  of dissolving of the compounds were  to p r o -  
ceed up to the monomolecu la r  solvated state,  there  would 
then be no hindrance to in te rconvers ions  of polymorphic  
modif icat ions Ha and Hb in one or  another  solvent.  How- 
ever ,  the s tabi l i ty  of the modif icat ions  of II in solutions 
apparent ly  indicates  that  the p r o c e s s  of dissolving in this 
case  t e r m i n a t e s  with a s table  (in the solvents  used) m a c -  
romoleculax  format ion.  

Thus the format ion of one or the other  polymorphic  
compounds I ~  or IIb is  fixed in the v e r y  synthesis  i t se l f  
by the s tate  of the reac t ion  m a s s  (solvent,  t e m p e r a t u r e  
conditions, and reagen t  concentrat ions) .  The picryla t ion 
of ~ - (2 -benzo th iazo ly l ) - a -pheny thydraz ine  in dilute a l -  
cohol solutions at  30-35~ gives the I Ia  modificat ion in 
70% yield. An i n c r e a s e  in the initial r eagen t  concen t ra -  
tions lowers  the yield of l ia  due to the format ion  of IIb. 
P ic ry lhydraz ine  modificat ion lib is p r i m a r i l y  fo rmed in 
70% yield in benzene and in 60% yield in dichloroethane 
when concent ra ted  solutions of the reagen ts  a r e  ref luxed 
for 2 h. I t  i s  in te res t ing  that  p r io r  refluxing of a con-  
cen t ra ted  solution of t r in i t roaniso le  in alcohol leads to an 
a lmos t  instantaneous occu r rence  of the above -desc r ibed  
picryla t ion to give Ilb in 80% yield. I t  is impor tan t  to 
note that  the tr iniCroanisole i so la ted  a f te r  refluxing for  2 
h in alcohol did not differ f r o m  the s ta r t ing  ma te r i a l  e l -  
tiler with r e s p e c t  to mel t ing  point or  reac t iv i ty .  P r o -  
longed ref luxing of the t r ini t roazdsole  in alcohol app a r -  
ently changes i ts  m a c r o m o l e c u l a r  s t ruc tu re  in solution, 
which is s table  only at the boiling point of the alcohol. 
The reac t ion  in a s imi l a r  manner  of  the s t ruc tu red  solu-  
tion of the t r in i t roan iso le  with c~-(2-benzothiazolyl)-~-  
phenylhydrazine is d i rec ted  to favor  the fo rmat ion  of lib. 

A s imi l a r  phenomenon was obse rved  in [4]. De-  
pending on the t e m p e r a t u r e  conditions, complexes  of 
these compounds that  differ  in s t ruc tu re  and p rope r t i e s  
axe f o r m e d  in the reac t ion  of t r in i t roan iso le  with so -  
dium ethoxide. 

Po lymorphic  Ha and Hb differ  cons iderably  with 
r e s p e c t  to the i r  chemica l  p rope r t i e s .  Thus Ha fo rms  
complexes  with ammonia  and aliphatic amines  both in the 

c rys ta l l ine  s ta te  and in solutions.  The s tabi l i ty  constant  of the complex of this compound with piperidine 
in benzene,  which was calcula ted by the method in [5], i s  45 l i t e r / m o l e .  Po lymorph  IIb does not fo rm c o m -  
plexes  with amines ,  a~d~ in con t ra s t  to IIa,  is  r ead i ly  hydro lyzed  by aqueous ammonia  in dioxane to give 
an a lmos t  quant i ta t ive yield of c~-(2-benzothiazolyl ) -~-phenylhydrazine  and p ie r i c  acid. 
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The oxidation of polymorphic  IIa  and IIb by lead dioxide in dioxane gives colored solutions of r a d i -  
cals .  The hyperf ine  s t ruc tu re  of the ESR spec t r a  of an oxidized solution of IIa  cons is t s  of four l ines,  while 
that  of an oxidized solution of IIb cons is t s  of th ree  cons iderably  l e s s  in tense  l ines.  

Thus the chemical  p r o p e r t i e s  of polymorphic  I Ia  and IIb a r e  a function of thei r  m a c r o m o l e c u l a r  s t r u c -  
ture in the c rys ta l l ine  s ta te  and in solutions. 

Consider ing the effect  of the na ture  of the solvent  during the synthes is  of Ita and IIb and also the de-  
pendence of the chemica l  and physical  p r o p e r t i e s  of solutions of these  compounds on the c rys ta l lograph ic  
p a r a m e t e r s  of the so l id-phase  state,  one might  have p roposed  a different  in terac t ion  of the solvent  with 
the polymorphic  modif icat ions  of II. In fact ,  in a study of the e lec t ronic  absorpt ion spec t r a  of benzene,  a l -  
cohol, and dichloroethane solutions of  Ha and IIb, i t  was found that  IIb, in con t r a s t  to IIa, d isplays  a d i s -  
~ne t ly  e x p r e s s e d  so lva tochromic  effect  (Fig. 3). 

Thus,  like the p r o p e r t i e s  cons idered  above, the phenomenon of so lva toch romism for the invest igated 
compounds proved  to be a function of the c rys ta l lograph ic  p a r a m e t e r s  of the substance in the so l id-phase  
s ta te .  

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

The IR sp ec t r a  of m i n e r a l  oil suspens ions  of the compounds were  r eco rded  with a UR-20 s p e c t r e -  
pho tometer .  A Specord UVVIS spec t ropho tomete r  was used to obtain the UV s p e c t r a  of 5 .10  "~ m o l e / l i t e r  
solutions of the p ic ry lhydraz ines .  

The conductivi t ies  of benzene solutions of IIa  and lib were  m e a s u r e d  with an appara tus  s im i l a r  to 
that  desc r ibed  in [6]. The m e a s u r e m e n t s  were  made  under  d ry  argon at  24 �9 0.1 ~ Chromatograph ica l ly  
pure  benzene was used to p r e p a r e  the solutions.  The hydraz ines  were  conditioned in vacuo (1 .10  .5 ram) 
for  2 days.  The solution concentrat ion was 5- 10 .4 m o l e / l i t e r .  

The hea ts  of d issolving of the hydraz ines  in dtoxane were  de te rmined  in the m i c r o c a l o r i m e t e r  of  a 
Calvet  sy s t em with a sens i t iv i ty  of 0.0334 c a l / h . m m .  The samples  (1 .6 .10 .5 mole) were  d issolved in 8 
ml  of dioxane to give solutions with a concentra t ion of 2 .10  .3 m o l e / l i t e r ,  The heat  of dissolving was de-  
t e rmined  by graphica l  in tegrat ion of the curve  that  r e f l ec t s  the t rend  of the change in t e m p e r a t u r e  during 
dissolving.  

The la t t ice  constants  were  de te rmined  f rom scannings of the z e r o - l a y e r  l ines  of the x - r a y  d i f f rac-  
t ion pa t t e rns  of rotat ion about the c rys ta l lograph ic  axis with an accu racy  of ~ 1%. The r e c i p r o c a l  la t t ice  
photographs of Ha indicated that the c r y s t a l s  a r e  aff i l i tated with a monoclinic sys t em.  Reflect ions with 
even h a re  p resen t  in the (hOD zone, while re f lec t ions  with even K a re  p resen t  among the (OKO) r e f l e c -  
t ions.  Thus the only poss ib le  space group is  P21/a~ The Lane diffract ion pa t te rn  and the r ec ip roca l  l a t -  
t ice  photographs of c r y s t a l s  of lib indicate the i r  affi l iation with a t r ic l in ic  sy s t em.  The poss ib le  s y m -  
m e t r y  space groups  m a y  thus be  P l  in the absence  of a s y m m e t r y  cen te r  o r  P l  if  a s y m m e t r y  center  is  
p r e sen t .  Analys is  of the faceting of the c r y s t a l s  makes  it  poss ib le  to give p re fe rence  to group PIo 

~-{ 2 -Benzo th iazo ly l ) -~ -pheny l - f l -p ic ry lhydraz ine  Modification Ha. Solutions of  2 g of ~ - ( 2 - b e n z o -  
th iazo ly l ) -~-phenylhydraz ine  in 80 m l  of  alcohol and 2 g of t r in i t roan iso le  in 80 ml  of alcohol were  mixed  
and heated at 30-35 ~ for  2 h. The reac t ion  m a s s  was then allowed to stand for 24 h to give an o r a n g e - y e l -  
low prec ip i ta te ,  which was r e m o v e d  and washed with 40 ml  of ohloroform.  The ch lo ro fo rm mother  l iquor 
was evapora ted  to half  i t s  or iginal  volume and diluted with an equal amount of hot alcohol.  On cooling, the 
solution gave  orange c r y s t a l s  of IIa  (70%) ~rith mp 176-178 ~ Found: C 50.6; H 2.8; N 18.4%. C191-I12N606S. 
Calculated: C 50.4; H 2.6; N 18.6%. The ch lo ro form- inso lub le  res idue  was r e c r y s t a l l i z e d  f rom dimethyl -  
f o r m a m i d e - e t h a n o l  (1 : i} to give yellow c r y s t a l s  of llb (15%) with mp 222-223 ~ 

~ - (2 -Benzo th i azo ly l ) -~ -pheny l - f l -p i e ry lhydraz ine  Modification lib. At Concentra ted  boiling alcohol 
solut ions of 2 g of ~ - (2 -benzo th iazo ly l ) -~ -pheny lhydraz ine  and 2 g of t r in i t roan i so le  were  mixed and r e -  
fluxed fo r  2 h. The m a s s  was then allowed to stand for 24 h. The resu l t ing  yellow crys ta l l ine  prec ip i ta te  
was washed with ch lo ro fo rm and r e c r y s t a l l i z e d  f rom d i m e t h y l f o r m a m i d e - a l c o h o l  (1 : 1) to give yellow 
c r y s t a l s  of IIb (70%7 with mp 222-223 ~ 

B) A solution of 2 g of t r in i t roan iso le  in 80 ml  of alcohol was ref luxed for  2 h, af ter  which a hot so -  
lution of 2 g of ~ - (2 -benzo th iazo lyD-~-pheny lhydraz ine  in 80 m l  of alcohol was added, and IIb $ormed in 
i - 2  rain. The lib ob t ~ ned  by method B was identical  to the I ~  obtained via  method A. Found: C 50.2; 
H 2.4; N 18.3%. CIgHI~N606S. Calculated:  C 50.4; II 2.6; N 18.6~. 
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Hydrolysis of a-(2-Benzothiazolyl)-~-phenyl-fl-picrylhydrazine Modification IIb. A total of 40 ml 
of 25% ammonium hydroxide was added to a dioxane solution of 2 g of IIb, and the mixture was heated at 
50 ~ for 15 rain. The dioxane and water were then evaporated in vacuo, and the residue was washed with 
water slightly acidified with HCI. The wash water yielded 0.7 g of picric acid, while the solid was crysta l -  
lized from alcohol to give 0.8 g of c~-(2-benzothiazolyl)-c~-phenylhydrazine. 
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