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As c o m p a r e d  with benzo th iazo ly l fo rmazans ,  the thiazole  r ing of synthes ized 5-subst i tu ted  thia-  
zo ly l fo rmazans  weakens the i r  acidic p r o p e r t i e s  and d e c r e a s e s  the i r  tendency to fo rm in t r a -  
m o l e c u l a r  hydrogen bonds.  The th iazo ly l fo rmazans  have pos i t ive  red-b lue  t h e r m o c h r o m i s m .  
T h e i r  IR and UV s pec t r a  a r e  p resen ted .  

The s t ruc tu re s  and p r o p e r t i e s  of compounds in the benzazo ly l fo rmazan  s e r i e s  axe de te rmined  p r i m a r i l y  
by the c h a r a c t e r  of the he t e ro r ing  [1]. No compar i son  has p rev ious ly  been made of benzazo ly l fo rmazans  and 
the analogous ana ly l fo rmazans .  In the p re sen t  communica t ion  we p r e sen t  the synthes is  and examine the s t r u c -  
tu res  of th iazo ly l fo rmazans  as compared  with benzoth iazo ly l formazans ,  among which compounds with c l ea r ly  
e x p r e s s e d  t h e r m o c h r o m i c  p r o p e r t i e s  have been found [210 The individual l (5 ) - (2 - th iazo ly l ) fo rmazans  were  
obtained by Beyer  [3, 4] by coupling of diazo compounds with 2- th iazo ly lhydrazones ,  the synthesis  of which 
involves many  s teps  and does not make  it poss ib le  to obtain hydrazones  that  contain subst i tuents  in the 5 pos i -  
tion of the thiazole ring. 

2-Aminothiazole  se rved  as the s ta r t ing  m a t e r i a l  for  the synthesis  of fo rmazans  I - IX  (Table 1). An 
a t tempt  to obtain 2-hydraz inoth iazo les  through the 2-halo  or  2 - m e r c a p t o  de r iva t ives  did not give the des i red  
resu l t s .  Hydrazinolys is  does not occur  under  mi ld  conditions, and hydro lys i s  of the s ta r t ing  compounds is 
obse rved  when 2-halo th iazoles  a r e  ref luxed with aqueous hydrazine  hydrate .  The b romine  a tom in 2 - b r o m o - 5 -  
ni t rothiazole  is ve ry  labile,  but even when the reac t ion  mix tu re  is cooled the resul t ing 2-hydrazino-5-ni t ro--  
thiazole res in i f ies  a lmos t  ins tantaneously.  2-Hydraz inoth iazole  was obtained by reduction of the diazonium 
sa l t  obtained f rom 2-aminoth iazo le  and was i so la ted  in the fo rm of the hydrazones  of benzaldehyde and i so-  
butyra ldehyde,  which were  subsequently used for  the synthesis  of fo rmazans  IV and V. The remain ing  f o r m -  
azans  were  synthes ized by coupling of the diazonium sa l t s  obtained f rom 5-subst i tu ted  2-aminoth iazoles  with 
a roma t i c  hydrazones~ 

I . S R ~ H  I ~ R" 
n~c.r' n~c/n 

R'  

A dist inct  band of s t re tch ing  vibra t ions  of an NH group is obse rved  in the IR spec t r a  of phenyl formazans  
I and VIII, i .e . ,  these  compounds,  like l (5 ) -benzo th iazo ly l -3 -methy l -  5(t)-  (p-n i t rophenyl ) formazan,  exis ts  in 
the t au tomer ic  amine fo rm in solution. In con t ras t  to l (5) -benzoth iazoly l -  3-phenyl-  5(1)- (p-n i t rophenyl ) form-  
azan,  n i t ropheny l fo rmazan  IV does not contain an i n t r amolecu l a r  hydrogen bond, and an intense band of the 
amine  f o r m  (3330 cm -1) and a low-intens i ty  band of the imine fo rm (3425 cm -1) a re  observed  in the IR spec t rum.  

A study of the a c i d - b a s e  p r o p e r t i e s  of fo rmazans  I - IX  in compar i son  with the p r o p e r t i e s  of benzothia-  
zo ly l fo rmazans  showed that th iazo ly l formazans  a re  weaker  acids (the pK a values  a r e  ~ 1-1.5 units h igher  than 
the pK a values  of the co r respond ing  benzo analogs).  The reason  for  this is  p robab ly  the higher  bas ic i ty  of the 
thiazole  r ing as compared  with the bas ic i ty  of the benzothiazole ring. As in the case  of benzoth iazoly l form-  
azans ,  the pK a values  of the th iazo ly l formazans  change in the o r d e r  (R' in parentheses)  III (H) < II (CH 3) < IV 
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TABLE 1. Phys icochemica l  Charac te r i s t i c s  of l (5 ) - (2 -Thiazo ly l ) -  
Substituted F o r m a z a n s  

O u 

I ~ H  
Ill H 
IV 

v ~ 
VI 

VII 
VIII N~r~ 

IX NO~ 

R' 

CH3 

C6Hs 

CH(CH3)2 

)*ma.',, hi-fi ] .I-.- 
I alcoholic l CCl, benzene acetone ethanol NaOH [ 

425 
500 
454 

520--590 

520 
460~78548 

438 
490, 554 

442 
450 
462 

i70. 560 

470 
460 
480 

i40, 640 
480 

H 3354 
p-N02 
p-NO2 
p-NO2 13330 

p-NO2 13425 
p-NO~ 
p-NO2 
p-NO2 13340 
p-NO2 

455 
462 
466 

500--570 

474 
478 
485 

434, 615 
484, 608 

455 
520 
420 

540--580 

530 
540 
485 
440 

440--490 

526 10,34 
660 9,64 
606 9,00 
620 9,91 

638 10,19 
622 8,8& 
612 8,15 
610 4,76 
606 8,16, 

* F o r m a z a n s  I - IX have low solubil i t ies  in CC14, CHC13, etc.  
The pKa values were  de te rmined  with an accuracy  of ~: 0.04. 

TABLE 2 o Charac te r i s t i c  s of 1 (5)- (2- Thiazolyl)-  Substituted 
F o r m a z a n s  

Com- 
pound 

I 
III 
IV 
V 

VII 
VIII 

IX 

mp, ~ 

124--125 
233 
155 
192 
258 

216--217 
235--236 

Found % 
C H S 

54,2 4,5 13,2 
43,3 3,0 11,9 
53,2 3,3 8,7 
47,6 4,0 
34,3 2,2 8,8 
39,7 3.1 9.6 
35,2 2,5 9:2 

Empirical formula 

CHHIINsS 
CIoHsN602S 
C16HI2N602S'0,5H20 
CI~HI4N602S-0,5H20 
QoHTN602SBr 
Q~HgNTO4S 
C,oHTNTO4S. H20 

53,9 
43,5 
53.5 
47:7 
33,8 
39,4 
35,4 

Calc., % 

4,5 
2.9 
3;6 
4,5 
2,0 
2.7 
214 

13.1 
11,6 
8,9 

9,0 
9,6 
9,5 

* Compound I was r ec ry s t a l l i z ed  f rom d imethy l fo rmamide  (DMF)-- 
wate r ;  III ,  V, and VII were  r ec ry s t a l l i z ed  f rom ni t romethane;  IV 
was r ec ry s t a l l i z ed  f rom aqueous alcohol;  IX was r ec rys t a l l i z ed  
f rom aqueous dioxane;  and VIII was r ec ry s t a l l i z ed  f r o m  DMF~ 
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Fig. 1. T e m p e r a t u r e  var ia t ions  in the e lec -  
t ron ic  spec t ra :  a) aqueous ethanol solution 
of VII ( c H 2 0 -  30%); b) buffered ethanol solu-  
t ion of II  ( p H N 9 . 0 3 ) ;  

(C6H ~ < V [CH(CH~)2]. The i nc r ea s e  in the pKa values for  3-phenyl-  and 3 - i sop ropy l fo rmazans  as comp a red  
with the pKa values of 3 -methy l -  and 3-unsubst i tuted fo rmazans  can be explained by s t e r i c  f ac to r s .  We made 
this assumpt ion  by compar i son  of the data f r o m  the m o l e c u l a r  d iagrams  of l (5 ) -benzo th iazo ly l -3 -methy l -5 (1) -  
(p-n i t rophenyl ) formazan in the n s y n - t r a n s ~  and ~ a n t i - t r a n s  n configurat ions.  Both the phenyl  and the i sopropyl  
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res idues  at tached to the C(3) a tom p rom ot e  the fo rmat ion  of the " s y n - t r a n s "  configurat ion of f o r m a z a n s ,  in 
which the e lec t ron  density-on the ni t rogen a tom of the h~I group is cons iderably  higher ,  i .e . ,  the acid p r o p e r -  
ies  of the compounds a r e  l ess  pronounced.  

I 
\ N H  N / I Ji ~U\N~C\N~N\  

~%c/N 
I 

syn-tram anti-tram 

The introduct ion of a b romine  atom o r  a ni t ro  group in the 5 posi t ion of the thiazole r ing considerably  
in tensi f ies  the acid p r o p e r t i e s  of f o r m a z a n s  (the pK a values  of VI and VII a re  lowered by approx imate ly  one 
unit,  and the d e c r e a s e  is even g r e a t e r  for  VIII and IX). An anomalously  low pKa value was obtained fo r  1(5)- 
(5- nitro-- 2- th iazolyl ) -  3- me thy l -  5(1)- (p- nitrophenyl) f o rmazan  (4.76). 

Forrnazans  I - IX  can be a r b i t r a r i l y  divided into two groups with r e spec t  to the effect  of solvents  on the 
posi t ion of the absorp t ion  m a x i m u m  in the e lec t ron ic  spec t ra .  The absorpt ion m a x i m a  of the compounds of 
the f i r s t  group (I, III ,  and VII-IX) a r e  shifted hypsochromica l ly  in nonpolar  solvents  as  compa red  with the 
r emain ing  fo rmazans .  Compounds II and IV-VI have negat ive so lva toch romism,  while the fo rmazans  of the 
f i r s t  group a re  not subject  to the solvat ing effects  of solvents  (Table 2). 

We have p rev ious ly  concluded that the bas ic i ty  of the he te ro r ing  has the p r i m a r y  effect  on the deepening 
of the co lor  in the open fo rmazan  s e r i e s .  In our  case  the th iazo ly l fo rmazans  a r e  m o r e  deeply co lored  than 
the i r  benzo analogs.  Fo r  example ,  in CC14, Xma x of II is found at 520 nm,  as compared  with •max 458 nm for  
l (5) -benzoth iazoly l -  3 -methy l -  5(1)- (p-nitrophenyl) fo rmazan .  Thus the p r inc ipa l  effect  of the thiazole  r ing is 
weakening of the acid p r o p e r t i e s  of the fo rmazans  and reducing the i r  tendency to fo rm in t r amolecu l a r  hydrogen 
bonds. 

F o r m a z a n s  I - IX f o r m  Na sal ts  when NaOH is added to alcohol solut ions,  and the compounds that  contain 
a ni t ro group a r e  cha r ac t e r i z ed  in this case  by a la rge  ba thochromic  shift.  F o r m a z a n s  I - IX  reac t  readi ly  with 
me ta l s  of the 3d s e r i e s  to give deeply co lored  complexes .  

The t h e r m o c h r o m i c  p r o p e r t i e s  of th iazo ly l fo rmazans  with a CH 3 group or  hydrogen at tached to the C(3) 
a tom were  studied,  s ince it  has been shown [2] that fo rmazans  with p r e c i s e l y  these  subst i tuents  mos t  dist inct ly 
display t h e r m o c h r o m i c  p roPe r t i e s  in the benzoth iazoly l formazan  se r i e s .  Aqueous alcohol solutions (20-30% 
water) of the compounds,  the pKa values of which range f rom 8 to 9 (III, VI, VII, and IX), have pos i t ive  t h e r m o -  
c h r o m i s m  (See Fig. 1). A dec r ea s e  in the absorpt ion  of solutions of the compounds is  obse rved  at 460-480 nm 
in the e lec t ron ic  s pec t r a ,  a f t e r  which this absorpt ion  vanishes  comple te ly ,  and the re  is a s imultaneous i nc rea se  
in the intensi ty  of the absorp t ion  at 600-620 nm when the solutions a r e  heated.  The p r o c e s s  is  r e v e r s e d  when 
the solutions a r e  cooled. Buffered ethanol solutions of f o r m a z a n s  with p H ~ p K a  a r e  also t he rmochromic .  The 
m a x i m u m  bathochromic  shift (z~ At) is obse rved  for  1 (5)- (2-thiazolyl)-  3 -methy l -  5(1)- (p-ni t rophenyl}formazan 
(.~ 200 nm); AXt ~ 100-140 nm for  the o ther  compounds.  As in the case  of l (5 ) -benzo th iazo ly l fo rmazans ,  the 
posi t ion of the long-wave absorp t ion  band of the t he rma l ly  induced fo rm coincides with the absorpt ion  of a lco-  
holic alkal i  solutions of the f o r m a z a n s ,  i .e . ,  the r eason  for  the t h e r m o c h r o m i c  t rans i t ions  of the th iazolyl -  
f o r m a z a n s  a lso  cons is t s  in a shift  in the A ~ B equi l ibr ium when the solutions a r e  heated:  

I I 
R 1 RI 

B A 

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

The IR spec t r a  of sa tu ra ted  solutions of the fo rmazans  in CC14 were  obtained with a UR-20 s p e c t r o m e t e r .  
The e lec t ron ic  s p e c t r a  of 1-  10-4 -1 .10  -~ m o l e / l i t e r  solutions of the compounds were  obtained with an SF-10 
spec t ropho tomete r .  The acid ionization constants  were  de te rmined  by the method p re sen ted  in [5]. 

Synthesis of the F o r m a z a n s .  The diazot izat ion of 2-aminoth iazole  was accompl ished  by the method in 
[5], 2 - a m i n o - 5 - b r o m o t h i a z o l e  was diazot ized by the method in [6], and 2 -amino-5 -n i t ro th i azo le  was d iazo-  
~ z e d b y t h e  method in [5]. Diazo coupling was accompl i shed  by the following method.  A solution of the dia- 
zonium sa l t  was added gradual ly  with cooling to an alcohol solution of acet  (form) aldehyde p-n i t rophenyl -  
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hydrazone  along with sodium ace ta te ,  and the suspension was made  alkal ine to pH 8-9 and allowed to stand for  
1 h. It  was then acidif ied with HC1 (1:1), and the fo rmazans  were  i so la ted  at pH 4-5. Equ imola r  ra t ios  of the 
reac tan ts  were  used in the case  of coupling with acetaldehyde hydrazone.  Insufficient  diazonium sal t  was used 
in the case  of coupling with formaldehyde hydrazone (2:1), s ince reac t ion  at  the labile hydrogen a tom in the 
meso  posi t ion of the fo rm azan  r ing to give 1 ,3 -d ihe ta ry l fo rmazans  is poss ib le .  The c h a r a c t e r i s t i c s  of f o r m -  
azans I - IX  a re  p r e sen t ed  in Table 2. 

Benzaldehyde 2-Thiazoly lhydrazone .  A solution of the diazonium sal t  of 2-aminoth iazole  (0.046 mole) 
was added slowly to a cooled solution of 0.063 mole  of stannous chlor ide in 25 ml  of concent ra ted  HC1, and the 
mix tu re  was allowed to s tand at 0 ~ fo r  3 h and at  room t e m p e r a t u r e  fo r  1 h. The suspension was then cooled 
and made a lka l ine  to pH 8-9 with 30% NaOH solution. A 1.5--fold excess  (by volume) of alcohol was added to 
the suspension,  and the p rec ip i t a t e  was r emoved  by f i l t ra t ion.  A 0.01-mole  sample  of benzaldehyde was added 
to the f i l t r a te ,  and the solution was heated to the boiling point.  The hydrazone,  with mp 173 ~ Imp 172-173 ~ 
(benzene)], was i so la ted  by the addition of ice to the solution. Isobutyraldehyde 2- th iazolylhydrazone,  with mp 
100-102 ~ [ a l c o h o l - w a t e r  (2:1)], was s i m i l a r l y  obtained. Found: C 49.9; H 6.9; S 19.1%. CTHllN3S. Calculated: 
C 49.7; H 6.5; S 18~ 

l (5 ) -Thiazo ly l -3 -phenyl ( i sopropyl ) -5 (1) - (p -n i t rophenyl ) fo rmazans  were  obtained by coupling with a 
p -n i t robenzened iazon iam salt .  The cha rac t e r i s t i c s  a re  p resen ted  in Table 2. The synthesis  of fo rmazans  II 
and VI is  p r e s e n t e d  in [7]. 
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