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LXVII.* SYNTHESIS OF NAPHTH [1',2' : 4,5]IMIDA ZO [2,1-b]THIA ZOLE 

DE RIVATIVES FROM 2-ME RCAPTONAPHTH [1,2-d ]IMIDA ZOLE 
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Alkyl(aryl)-substi tuted naphth[ l ' ,2 '  : 4,5]imldazo [2,1-b]thiazoles were synthesized by the react ion 
of 2-mercaptonaphth[1,2-d]imidazole with c~-halo ketones~ The intermediate  2-acylalkylthionaphth[1,2-d]- 
imidazoles  were isolated, and the conditions for their  cyclizat ion to naphth [1',2' : 4,5]imidazo[2,1-b]thia- 
zole derivat ives  were  studied. 

Continuing our ea r l i e r  r e sea rch  [2, 3], we have established that 2-mercaptonaphth[1,2-d]imidazole 
(I) reacts  readily with ~-ha lo  ketones. Depending on the conditions used to c a r r y  out the reaction and the 
s t ructure  of the halo ketone, 2-acylalkylthionapthth [1,2-d]imidazoles (II-XIV, Table 1) or  their  dehydration 
products - n a p h t h [ l ' , 2 '  : 4 ,5]imidazo[2,1-b]thiazolet  der ivat ives  (XV-XXVII, Table 2) - are formed.  Thus 
four - r ing  compounds (XV, XVI, XX, and XXI) were obtained when I was refluxed with aliphatic halo ketones 
in ethanol o r  dimethylformamide (DMF), while in contras t  to the react ion of 2-mercaptobenzimidazole  
with the indicated halo ketones [4], with a l iphat ic -aromat ic  halo ketones and bromopinacolone under the 
same conditions the p rocess  stops at the 2-acylalkylthionaphth [1,2-d]imidazole (IV, IX, and XI) stage.  In 
the case of aliphatic halo ketones,  the intermediate compounds (for example,  II) can be isolated only when I 
is heated no higher  than 50 ~ . 

The case of closing the thiazole ring in the react ion of I with halo ketones of the aliphatic ser ies  is 
explained, as in the synthesis of imidazo[2,1-b]thiazole [5] and thiazolo [3,2-a]benzimadazole derivatives 
[4], by the catalytic effect of the hydrogen ions due to the hydrogen halide liberated in the reaction~ Thus 
II is not changed when refluxed in ethanol, while when this compound is heated under the same conditions 
in the presence  of HC1, it is almost  quantitatively converted to XV. Fur ther  evidence of the catalytic ef- 
fect of acids on the closing of the diazole ring is the fact that only 2-acylalkylthionaphth[1,2-d]imidazoles 
(II-IV, VII, VIII, XIH, and XIV) are  formed when I is heated with ~-halo ketones, regardless  of the i r  s t ruc -  
ture ,  in ethanol in the presence  of sodium ethoxide or  alkali. 

A study of the IR spec t ra  of II-XIVshowed that the absorpt ion band of a CO group at 1650-1780cm -1 
is prac t ica l ly  absent for some of the compounds in this ser ies  (II, V, VI, VIII, and XIII), while there is a 
band at 3070-3270 cm -1, which is probably related to the s t re tching vibrations of the OH group. Like 2- 
formylalkylthionaphth[1,2-d]imidazoles [2], these compounds in the solid state can apparently exist as 
tautomeric  forms - 8-hydroxy derivatives of naphth [1',2' : 4,5]imidazo[2,1-b]thiazoline. 

In o rde r  to obtain naphth[ l ' ,2 '  : 4,5]imidazo[2,1-b]thiazole derivat ives that contain various subst i t -  
uents in the 8 and 9 positions of the compounds, we made a detailed study of the cyclizat ion of II-XIV. It 

*See [1] for communicat ion LXVI. 
fThe  numbering of the atoms of the four - r ing  sys tem in this paper  is given in conformity with the IUPAC 
rules .  The number ingof the  four - r ing  sys t em in [2, 3] started with the sulfur atom and proceeded counter-  
clockwise.  
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was established that compounds of this ser ies  that con- 
tain aliphatic ketone residues (excpet for pinacolone) 
are  readily converted to alkyl-substi tuted naphth[ l ' ,2 '  : 
4,5]imidazo[2,1-b]thiazoles (XV, XVI, and XVIII-XXI) 
when they are  heated in organic or minera l  acids (HCOOH, 
CH3COOH, HC1, and H3PO4) and also under the influence 
of dehydrat ing agents (POCI 3 and H2SO4). 2-Pinacolonyl-  
thio-  and 2-acylalkylthionaphth[1,2-d]imidazoles that 
contain a l ipha t ic -aromat ic  ketone residues (IV and IX- 
XIV) cyclize to ter t -butyl(aryl) -subst i tu ted naphth[ l ' ,  
2' : 4,5]imidazo [2,1-b]thiazoles (XVII and XXII-XXVII) 
only on refluxing in POCI 3 o r  85-89% H3PO 4. In confor-  
mity with the known data regarding the stepwise cha rac -  
ter  of the mechanism of the closing of the thiazole ring 
[4, 5], we assume that, in this case ,  II-XIV are  initially 
converted to 8-hydro•  : 4 ,5]imidazo[2,1-b]-  
thiazolines,  which are then dehydrated to form XV- 
XXVII. 

OH 

s/~HR~ R! 

SH RI~HCOR2 ~:~ 

7 8 s I~'~'--"-- N "--"m'-R2 H2/Ni ~ j  

2 
XV-XXVII X X X  

X=CI, Br; RI=H, AIk, Ar; R2=AIk, Ar 

The pur i ty  of the naphth[l ' ,2  ~ : 4,5]imidazo [2,1-b]- 
thiazole derivat ives  was confirmed in a number of cases  
by chromatography,  and their  s t ruc tures  were confirmed 
by IR spec t roscopy  (absence of absorption bands of CO 
and I~rH groups) and by reductive desulfurat ion of 8- 
methylnaphth [1 ' ,2' : 4,5 ]imidazo [2,1-b]thiazole (XV) un-  
der  the influence of Raney nickel [2] to 3- isopropylnaphth-  
[1,2-d]imidazole (XXX). 

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

2-Acylalkylthionaphth [1,2-d ]i mid azoles (II-XIV, 
Table 1). A)A solution of 0.01 mole of I [6], 0.01 mole 
of a - h a l o  ketone (chloroketones were used to synthesize 
II and XIV, while the corresponding bromo ketones were  
used in the remaining cases) ,  and 0.01 mole of sodium 
ethoxide in 30-50 ml of ethanol was s t i r red  at 60-65 ~ 
for 1 h (at 50 ~ for 1 h in the prepara t ion  of XII). The 
mixture was cooled, and the precipi tate  (V, XIII) was r e -  
moved by fi l tration and washed with water .  An additional 
amount of substance was isolated by evaporation of the 
alcohol mother  liquor to a small  volume. Compounds II-  
IV, VII, VIII, XIII, and XIV were  isolated by pouring the 
react ion mass  into water ,  and the precipi tate  (II, VI, 
VIII, XIII) was removed by fi l tration or extracted with 
ch lo roform (III, VII, and XIV). Compounds X and XI 
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TA13LE 2. Naph th [ l ' , 2 '  : 4 ,5 ] imidazo[2 ,1 -b] th iazo le  De r iva t i ve s  
(XV-XXVII) 

C o r n - .  ] 
pound R' ] R ~ 

XV H CH3 
XVI ]H C4H9 

XVII1 

XlX CH8 [C2Hs 
XX C2Hs ]CHa 

XXII 

XXII I  p-BrC6H4 
XXIV p-O2NC6H4 
XXV CHz C6H5 

XXVI C6H5 CH3 
XXVII C6H6 C6H~ 

o%o;., 
170~180 
155--166 
1154--,1~56 
220--2~1 

201 --202 
137--~138 

148~149 
291 --203 

199~200 
242--243 
225--2'27 
214--215 
20'1--202 

Empirical 
formula c 

i 

CI4HIoN2S a 70,~ 
CI7HI6N2S 72,6 
C17HI6N2S, 172,5 
CIsHIeN2S ~ 71,2 

CI6HL4N2S c '72 1 5,4 
C,6H,4N2S•215 5718 5,7 

C17HI6N~S. 73,0 5,9 
C tgH 12,N~.S • 169,8 [ 5,2 

xi,/2 H=O ~1 I 
CloHu BrN2SUl60,013,0 
CIgHuNaO~S f~$,213,3 
C2oH~4N~S 176,214,3 
C26H~4N2S 76,44,5 

4,4 C25HI6N2S 79,3 

Found,% 

H N S 

4,311,4113,9 
5,79,7111,6 
5,5 I0,0 I11,6 
4,811,4113,0 

10,2112,2 
9,5110,8 

9.6111,5 
8.419,6 

7.118,1 
12,6] 9,2 
8.5110,1 
8.51 9,9 
~ '  8,5 

Calc 

C i H  
-q 

N S .~ 

70,6 4,2 1,9 13,5 92 
72,8 5.7 0,0]11,4176 
72,8 5,7 0,0111,4190 

71,44,84'81,1112,711 19992 
72,15,30,5112,019~3 
37,65,79;8111,288 

0,0111,4,71 59,772'8 5,8 8,5 9,8 63 

50,22,97,418,4184 
36,13,22,29,380 
76,4 4,5 8,910,2194 

4,5 ?6,44,38910284 
F9,7 7',4 815174 

a) The h y d r o c h l o r i d e  of  XV had mp 225-227 ~ (dec. ,  f r o m  ethanol) .  
Found:  C1 12.7%. Calcu la ted :  C1 12.9%. b) Rf 0.90 [ d i o x a n e -  
d ich lo roe thane  (2.5 : 1)]; 0.92 [ C C l 4 - C H C t 3 - d i c h l o r o e t h a n e  (2.5 : 
l : l ) ] . c )  Rf 0.93 [ d i o x a n e - d i c h l o r o e t h a n e  (2.5 : 1)]; 0.92 [CC14- 
CHC13-d i ch lo roe thane  (2.5 : 1 : 1)]. d) Found: 13r 20.9%. C a l -  
cu la ted :  13r 21.1%. 

w e r e  s i m i l a r l y  obta ined,  with the d i f fe rence  that  the r e a c t i o n  was  c a r r i e d  out in a lcohol  in the p r e s e n c e  of 
KOH o r  NaOH, the r eac t i on  m a s s  was  poured into w a t e r ,  and the p rec ip i t a t e  was  r emoved  by f i l t ra t ion .  

13) A so lu t ion  of  0.01 mole  of  I and 0.01 mole  of c~-bromo ketone in 50-100 ml of e thanol  was  heated 
at  45-50 ~ for  4 h (in the p r e p a r a t i o n  of  II) o r  ref luxed for  2 h (in the p r e p a r a t i o n  of IV, IX, and XI). The 
mix tu re  was  cooled,  poured  into w a t e r ,  and neu t ra l i zed  with sod ium ca rbona t e .  The p rec ip i t a t e  was  r e -  
moved by f i l t ra t ion  and washed  with w a t e r .  The yie lds  of II ,  IV, IX, and XI w e r e  73, 92, 93, and 94%, r e -  
spec t ive ly~ Compounds  IX and XI (91% and 96% y ie lds ,  r e spec t ive ly )  w e r e  a l so  i sola ted  when the r eac t i on  
was  c a r r i e d  out in ref luxing DMF (4 h). 

Compounds  I I -XV a r e  c o l o r l e s s  o r  yel low (XI) c r y s t a l l i n e  subs t ances  of  bas ic  c h a r a c t e r  that  give 
qua l i ta t ive  r eac t ions  for  the c a r b o n y l  g roup .  In UV light they  have a b lue -v io le t  f l u o r e s c e n c e .  The c o m -  
pounds w e r e  purif ied for  ana lys i s  by  c r y s t a l l i z a t i o n  f r o m  methano l  (III), e thanol  (V, IX, and XIV), aqueous  
ethanol  (II, IV, VI, and VIII),  p ropy l  a lcohol  (X), butyl  a lcohol  (XI), o r  aqueous ace tone  (XII and XIII). 

N a p t h [ l ' , 2 '  : 4 ,5 ] imidazo[2 ,1 -b ] th iazo le  Der iva t ives  (XV-XXVII,  Table  2). A) A solut ion of  0.01 mole  
o f  I and 0o01-0.011 mole  of ~ - b r o m o  ketone in 30 ml  of  DMF was  refluxed for  4 h and cooled .  The mix ture  
was  neu t ra l i zed  with a m m o n i u m  hydrox ide  and poured  into w a t e r .  The p rec ip i t a t e  was  r emoved  by f i l t r a -  
t ion  to  give 90, 88, and 71% yie lds  of XVI, XX, and XXI, r e s p e c t i v e l y .  Compound XV (82% yield) was  ob-  
tained by ref luxing I with ch lo roace tone  in ethanol  (4 h). 

13) A mix ture  of  0.01 mole  of  2 -acy la lky l th ionaph th [1 ,2 -d ] imidazo le  (IV, VI, IX, X, XII, and XIII) and 
30-50 ml of POC13 was  ref luxed for  2 h (VI), 10 h (IV, IX, XII, and XIII), o r  25 h (X). The POC13 was  r e -  
moved by v a c u u m  dis t i l la t ion ,  and the r e s idue  was  decomposed  with w a t e r .  The mix tu re  was  neu t ra l ized  
with a m m o n i u m  hydrox ide ,  and the p rec ip i t a t e  was  r emoved  by f i l t ra t ion  and washed with w a t e r  to give XVII, 
XIX, XXII,  XXIII,  and XV. 

C) A so lu t ion  of  0.01 mole  of XI o r  XIV in 20 ml of  85% HaPO 4 was  ref luxed for  1 h and cooled .  The 
cold mix tu re  was  poured  into w a t e r  and worked  up as de sc r ibed  above to give 80 and 74% yields  of  XXIV 
and XX-VII, r e s p e c t i v e l y .  Compound X-VIII (99% yield) was  obtained in the s a m e  way ,  with the d i f f e rence  
that the r eac t i on  was  c a r r i e d  out at 95-100 ~ . 

D) A solut ion o f  0.01 mole  of  V in 10 ml of  concen t r a t ed  H2SO 4 was  allowed to stand at 18-20 ~ for  
24 h .  It was  then poured  into w a t e r  and worked  up as de sc r ibed  in e x p e r i m e n t / 3  to give 97% of XVIII. 
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E) A solution of 0.005 mole of II and three drops of concentrated HC1 in 200 ml of ethanol was r e -  
fluxed for 4 h and worked up as in experiment  ]3 to give 96% of XV. Compound XVIII (95~ yield) was s imi -  
lar ly obtained by refluxing V in concentrated HC1. 

F) A solution of 0.01 mole of V in 20 ml  of 85% HCOOH was refluxed for 4 h and worked up as de-  
scribed in exper iment  B to give 95% of XVIII~ Compound XV (92% yield) was s imi la r ly  obtained, but the 
react ion was car r ied  out in glacial CH3COOH. 

Compounds XV-XXVII are  color less  or  yellow (XXIV) crysta l l ine  substances of basic cha rac te r  that 
have a blue-violet  f luorescence in UV light. The compounds were  purified for analysis by crys ta l l iza t ion 
f rom aqueous methanol (XVI), ethanol (XV, XVIII, and XIX), aqueous ethanol (XVII, XX, XXI, XXII, and 
XXIII), e thanol -d ioxane  (1 : 1) (XXVI), e t h a n o l - D M F  (1 : 1) (XXVII), or  aqueous dioxane (XXIV and XXV). 

2-Isopropylaminonaphthalene (XXVIII). A solution of 40 g (0.28 mole) of fl-naphthylamine and 49 g 
(0.29 mole) of isopropyl  iodide in 100 g of anhydrous ethanol was refluxed for 2 h, cooled, and poured into 
water .  The mixture was neutralized with sodium carbonate and then acidified to pH 3 with dilute H2SO 4. 
The precipi tated fi-naphthylamine sulfate was removed by filtration. The filtrate was made alkaline with 
NaOH and extracted with CHC13. The ext rac t  was washed with water  and dried over  CaC12. The solvent 
was removed by vacuum distillation to give 32 g (58%) of technical XXVIII as a v iscous ,  oily substance that 
was soluble in organic solvents and insoluble in wate r .  The hydrochloride of XXVIII had mp 205-206 ~ 
{from aqueous dioxane). Found: C 70.5; H 8.5; CI 16.3; N 6.3%. Cl3Hl5 N �9 HC1. Calculated: C 70.5; H 8.5; 
Cl 15.8; N 6.2%. 

1-Phenylazo-2- isopropylaminonaphthalene (XXIX). A solution of benzenediazonium chloride [pre- 
pared f rom 13.5 g (0.145 mole) of aniline, 10.4 g (0.15 mole) of NaNO2, and 40 ml of concentrated HCl] was 
added gradually with s t i r r ing  to a cooled (to 5 ~ solution of 27.6 g (0.124 mole) of the hydrochlor ide of 
XXVIII in 300 ml of ethanol~ The precipitate was removed by fi l tration and washed with water  to give 27 g 
(60%) of red p r i sms  of XXIXwith mp 94-95 ~ (from ethanol). Found: C 78.6; H 6.2; N 14.2%. C19HigN 3. 
Calculated: C 78.9; H 6.6; N 14.5%. 

3-Isopropylnaphth[1,2-d]imidazole (XXX). A) An alcohol paste of Raney nickel (10 g) was added to a 
solution of 0.5 g of XV in 10 ml of ethanol, and the mixture was refluxed for 8 h. The catalyst  was removed 
by filtration, and the solvent was removed by distil lation to dryness  to give 0.1 g (23%) of XXX with mp 105- 
106 ~ (from aqueous dioxane). Found: C 80.1; H 6.6; N 13.3%. CltHI3N2. Calculated: C 80.3; H 6.3; N13.4%. 

B) Zinc dust was added in small  portions to a refluxing solution of 15 g of XXIX in 100 ml of 30% ace-  
tic acid until the da rk - red  co lor  of the solution changed to light-yellow. The hot solution was fi l tered,  
cooled, and neutralized with ammonium hydroxide.  The mixture was extracted with chloroform,  and the ex- 
t rac t  was washed with wate r  and dried over CaC12. The solvent was removed by vacuum distil lation, and 
90 ml of 85% HCOOH was added to the residue (9 g) of crude 1-amino-2- isopropylaminonaphthalene.  The 
solution was then refluxed for 2 h {with charcoal  near  the end), fi l tered, and neutralized with KOH. The 
precipi ta te  was removed by fi l trat ion and washed with wate r  to give 8 g (73%) of XXXwith mp 105-106 ~ 
(from aqueous dioxane). This product did not depress  the melting point of the substance obtained via ex-  
per iment  A. 
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