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The synthesis of 2-hydrazinonaphth[2,1-d]thiazole is effected, and 
its ability to. undergo autoxidation in ethanol solution to give 1,5- 
di(naphth[2, 1-d]thiazolyl-2)-3-methylformazan is established. Un- 
symmetrical 1-naphtb[2,1-d]thiazolyl-5-tolyl-3-aryl(or methyl) 
formazans are obtained by coupling a p-tolyldiazonium compound 
with the appropriate 2-hydrazinonaphth[2,1 -d]thiazole hydrazones. 

In cont inuat ion of the r e s e a r c h  into h e t e r o c y c l i c  hy-  
d raz ino  d e r i v a t i v e s  and t he i r  capac i ty  to autooxidize  in 
solu t ions  of p r i m a r y  a lcohols  with f o r m a t i o n  of f o r m a -  

zans ,  we syn thes ized  fo r  the f i r s t  t ime  2 - h y d r a z i n o -  
naphth [2, l - d ]  th iazol  and studied c e r t a i n  of i ts  p r o -  

pe r t i e s .  

It has  been p r e p a r e d  by two rou te s :  h y d r a z i n o l y s i s  
of  2-chloronaphth[2,  1-d] th iazole  and 2 - m e t h y l m e r c a p -  
tonaphth[2, 1 -d] th iazo le .  Of these ,  the second is  p r e -  
f e r r ed ,  as  i t  does  not n e c e s s i t a t e  c a r r y i n g  out the r e -  
ac t ion  under  p r e s s u r e .  

Like 1 - a l k y l - 2 - h y d r a z i n o b e n z i m i d a z o l e  [1] and 2-  
hydrazinonaphth[2,  1 -d ] im idazo l e  [2], 2 - h y d r a z i n o -  
naphth[2, 1 -d] th iazo le  d i s so lved  in ethanol  au toox id izes  

in a i r ,  to give 1, 5-di(naphth[2, 1 -d ] th i azo ly l -2 ) -3 -  
m e t h y l f o r m a z a n  (I) (Table 1). The f o r m a z a n  I i s  a 
c r y s t a l l i n e  compound with a g r een  m e t a l l i c  g l i t t e r ,  
s l igh t ly  so luble  in m o s t  o rgan ic  so lven t s .  In some  so l -  
vents  (benzene, CHC13, n i t robenzene ,  and dioxane), i t  

g ives  red  solut ions ,  ** in o the r s  (ethanol, acetone,  d i -  
m e t h y l f o r m a m i d e ,  a lcohol ic  alkal i)  blue ones .  IR s p e c -  
t r o s c o p y  data (lack of an absorp t ion  band c o r r e s p o n d i n g  

to VNH*** va l ance  v ib ra t ions )  show that  c r y s t a l s  of I 
conta in  a s tab le  i n t r a -  o r  i n t e r m o l e c u l a r  hydrogen  
bond. Spec ia l  study is  r e q u i r e d  to d e t e r m i n e  whe the r  
s o l v a t o c h r o m i s m  in so lu t ions  is  due to a s s o c i a t i o n  
with the so lven t ,  o r  to c o n v e r s i o n  of i s o m e r s  (like 

the ye l low and r ed  f o r m s  of 1 , 5 - d i p h e n y l - 3 - m e t h y l -  

f o r m a z a n  [4,5]). 

CH 3 

S N2~4N ~ 

P 

Rm=CH3 (I l l ;  CeHs ( l l l l ;  p-C~H,N02 IIV), 
3,4-C~H3(OCH3)2 (V) 

*For  P a r t  XIX see  [3]. 

**)~max in benzene  and dioxane 520, in n i t r obenzene  

and CHC13 544 nm. 
***The IR s p e c t r u m  of f o r m a z a n  II has  a band at 
3320 c m -  1. 

With a ldehydes  2-hydrazinonaphth[2,  1-d] th iazole  
r e a d i l y  g ives  hyd razones  (Table 2). Diazo coupl ing of  
p - t o ly ld i azon ium ch lo r ide  with these  hydrazones  g ives  
the u n s y m m e t r i c a l  f o r m a z a n s  I I - IV .  

U n s y m m e t r i c a l  naph tho th iazo ly l fo rmazans  a r e  deep-  
ly co lo red  c r y s t a l l i n e  compounds,  s l ight ly  soluble  in 
o rgan i c  so lven t s .  The s ta te  of the f o r m a z a n  r ing  de-  
pends on the subst i tuent  at pos i t ion 3: IR data show that  
the 3 d e r i v a t i v e  II does not  have  a che la t e  r ing,  while  
the 3 - a r y l  subst i tu ted  compounds  I ~ - V  a r e  che la te  
compounds .  The na tu re  of the subs t i tuent  in the ben -  
zene r i n g  at posi t ion 3 ( e l e c t r o n - a c c e p t i n g  n i t r o  group 

IV or  e l e c t r o n - d o n a t i n g  methoxy group V) does not 
have  a l a r g e  ef fec t  on the absorp t ion  s p e c t r u m  in the 
v i s i b l e  reg ion ,  or  on the i n t r a m o l e c u l a r  or  i n t e r m o l e -  

cu la r  hydrogen  bonding. 
All the f o r m a z a n s  p r e p a r e d  r e a d i l y  f o r m  c o m p l e x e s  

wi th  ions  of many m e t a l s  in solution,  and a re  of po-  

ten t ia l  i n t e r e s t  as new l igands .  

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

lqaphth[2,1-d]thiazol-2-one (V1). A well ground mixture of 7.6 g 
(0.036 mole) B-amino-a-thionaphthol (prepared as described in [6]) 
and 5 g (0.16 mote) urea was melted in a porcelain beaker, at 220- 
225* for 15 rain. The melt was extracted with alkali, the alkaline 
solution purified with active charcoal, then brought to pH q with : 
AcOH. A precipitate of VI was obtained, yield 2.7 g (36%). Solub'~ 
in EtOH and dimethylformamide, mp 231-232". Found: N 6.52; 
S 15.95~o, calculated for CIIH~NOS: N 6.96; S 15.96a]o. 

2-Chloronaphth[2,1-d]thiazole (VII). 1.5 g (0.008 mole) V! and 
10 ml POC13 were heated together in a sealed tube for 4 hr at lq0- 
180", then excess POC13 distilled off, and the residue carefully de- 
composed with water. The reaction products were neutralized with 
30% NaOH, the precipitate filtered off, and washed with water, 
yield 1.25 g CI6.6%), prisms, mp ~/4-76" (ex aqueous EtOH), Found: 
C1 15.47; N 6.42; S 14.56%, calculated for CllH~C1NS: C1 16.13; N 
6.28; S 14.59%. 

Naphth[2,1-d]tJaiazol-2-thione {VIII). 14.5 g B-amino-a-thio- 
naphthone was heated for 6 hr with 8 ml C$ 2 in 50 ml dry pyridine. 
Then the products were poured into water, and acidified with AcOH. 
The oil thrown out solidified on standing. The solid was filtered oft 
and washed with water. Yield 14 g (96%). It was purified by recrys- 
tallization from an alkaline solution of AcOH, mp 219-221 ~ (ex EtOH). 

2-Methylmercaptonaphth[2,1-d]thiazole (IX), 2.2 g (0.01 mole) 
VIII was dissolved in 30 ml EtOH and 3 ml ,~0% NaOH, then 2 ml 
MeI added, and the mixture left for 24 hr at room temperature. The 
colorless precipitate of IX was filtered off, washed with water, and 
recrystallized from EtOH. Yield of pure product 0.gg (39%). Long 
needles, mp 68-69 ~ (ex EtOH). Found: N 6.40; S 28.58%, calculated 
for C,2HgNS2: N 6.05; S 2%72~ 

2-Hydrazinonaphth[2,1-d]thiazole (X). a) ,%5 g VII was refluxed 
for 6 hr with 20 ml hydrazine hydrate. After cooling the solid was 
filtered off and washed with water, yield 1 3 g (50~ After recrys- 
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talizing from a large volume of EtOH it formed prisms, mp 208- 
209 ~ Found: S 14.70~ calculated for CtlHgN3S: S 14.78%. 

b) 5.6 g IX and 20 ml hydrazine hydrate were refluxed together 
for 4-4  1/2 hr, yield 1.8 g (85%), prisms mp 208-210 ~ (ex aqueous 
dimethylformamide). 

1, 5-Di(naphtl"(2, l~l]thiazolyl-2)-3.methylformazan (I). 1 g 
hydrazine X was dissolved in 60 ml hot EtOH, and the solution allow- 
ed to stand in air at room temperature. After 24 ht the solution 
turned dark blue, and after a few days a precipitate of minute crys- 
tals of I formed, and was filtered off yielding 0.5 g, mp 258-254 ~ 
Its solubility in organic solvents was low; it formed minute crystals. 
with a metallic glitter. 

2-Hydrazinonaphth[2,1-d]thiazole hydrazones (XI-XW). Pre- 
pared by heating together for 30 min equimolecular amounts of 
hydrazine X and the aldehyde in dimethylformamide-EtOH. 

Preparation of unsymmetrical 1-(naphth[2,1-d]thiazolyl-2)-3- 
alkyl(atyl)-5-p-tolylfotmazans (II-V). A solution of p-tolyldiazonium 
compound prepared from 0.012 g p-toluidine was added to a solution 
of 0.01 mole of the desired hydrazone in EtOH comaining 1-2 ml 30% 
NaOH at 1-3 ~ . The coupling was carried out in alkaline solution, and 
the solution was reddish violet. If the reaction mixture became acid 
during reaction, a few drops of 30%NaOH solution were immediately 
added to make it strongly alkaline. The products were left (solution 
pH 9-10) for 24 hr in a refrigerator, then with cooling brought to pH 

6-7 with 2 N HC1, The resultant precipitate of formazan was filtered 
off, washed with water, and dried. 
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