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Imidazo[2 ,1 -b ] th iazo le  and its a lky l ,  a r y l ,  and 5 ,6 -d ihydro  de r iva t i ve s  have been syn thes ized  by the r e a c t i o n  
of 2 - m e r c a p t o  d e r i v a t i v e s  of imidazo le  and imidazol ine  with ~ -ha logenoa ldehydes  o r  t he i r  a ce t a l s .  Imidazo -  
[2 ,1-b] th iazole  has a l so  been obta ined by the deca rboxy la t ion  of i m i d a z o [ 2 , 1 - b ] t h i a z o l e - 5 - c a r b o x y l i c  acid .  

In o r d e r  to obtain imidazo[2 ,1 -b ] th iazo le  (X) [2, 3], and a lso  its a lkyl ,  a r y l ,  and 5 ,6 -d ihydro  de r i va t i ve s ,  which 
a r e  of i n t e r e s t  for  b io log ica l  i nves t iga t ions ,  we have stud ied the r eac t i on  of 2 - m e r c a p t o i m i d a z o l e  (I), 2 - m e r c a p t o - 4 , 5 -  
d ipheny l imidazo le  (II), and 2 - m e r c a p t o i m i d a z o l i n e  (III) with the hydra te  of the d i m e r  of ch lo roace ta ldehyde  and with the 
d ie thyl  a ce t a l s  of b romoace t a ldehyde  and ~ - b r o m o p r o p i o n a l d e h y d e .  When I and II we re  heated with the hydra te  to the 
d i m e r  of ch lo roace ta ldehyde  in e thanol ,  wa t e r ,  o r  d i m e t h y l f o r m a m i d e  and with the b r o m o a c e t a l s  mentioned in wa te r ,  the 
c o r r e s pond ing  3 -hyd roxy imidazo [2 ,1 -b ] th i azo l i ne s  (V, VI, VIII, XI) were  obtained.  The s t r u c t u r e  of the l a t t e r  was e s t a b -  
l i shed  by means  of t h e i r  IR s p e c t r a ,  in which as  in the IR s p e c t r u m  of 3 -hyd roxy -6 -phe ny l im ida z o [2 ,1 -b ] t h i a zo l i ne  [4] 
t h e r e  is no abso rp t ion  band of a CO group in the 1630-1780 cm -1 region  while t he re  a r e  absorp t ion  bands of an OH group 
in the 3070-3225 cm -1 reg ion .  In solut ion,  these  compounds can be conver t ed  into the open a ldehyde f o r m s ,  as  is shown 
by the fo rma t ion  of d e r i v a t i v e s  with r e s p e c t  to the carbonyl  group - for  example ,  the p -n i t r opheny lhyd razone  of (4,5- 
diphenyl i  mida zo l -2 -y l th io )a  ce ta ldehyde  (VII). 

When V, VI, VIII, and XI were  t r e a t e d  with phosphorus  oxych lo r ide ,  in the manner  known for the syn thes i s  of 6-  
a r y l -  and 5 - m e t h o x y c a r b o n y l i m i d a z o [ 2 , 1 - b ] t h i a z o l e s  [4, 5] they sp l i t  off a molecule  of wa te r  with the fo rmat ion  of X and 
XII-XIV. We a l so  obtained X by another  m e t h o d -  the deca rboxy la t ion  of i m i d a z o [ 2 , 1 - b ] t h i a z o l e - 5 - c a r b o x y l i c  ac id  (IX) 
[2], which was p r e p a r e d  by the saponi f ica t ion  of i ts  methyl  e s t e r  (IV) [5]. Compounds XIII and XIV have been d e s c r i b e d  
in the l i t e r a t u r e  [6], but were  syn thes i zed  p r e v i o u s l y  by a d i f fe ren t  method - by the r eac t i on  of 2 . -aminothiazole  and of 
2 - a m i n o - 4 - m e t h y l t h i a z o l e  with desy l  b r o m i d e .  

R - - ~ N H  CHO R - - ~ N ~ - - O H  

V, YI, VIII, XI 

1 ! 

I, l] X, XII -XIV 
I,V,X-XII R=l t ;  II, VI,VIII XIII, XIV [~=Ph 
V, VI, X Xlll R'=H; VIII, XI, XII, XIV R ' :  CH5 

In c o n t r a s t  to I and II, when 2 - m e r c a p t o i m i d a z o l i n e  (III) was boi led  with ch lo roace ta ldehyde  and a l so  with the d i -  
e thy l ace t a l s  of b romoace t a ldehyde  and a - b r o m o p r o p i o n a l d e h y d e  i n w a t e r ,  5 ,6 -d ihydro  imidazo[2 ,1 -b] th iazo le  (XVII) and i ts  
2 - m e t h y l  homolog (XVIII) we re  obta ined in a s ingle  s tage .  Compound XVII has been syn thes i zed  p r e v i o u s l y  [7] using the 
l e s s  a c c e s s i b l e  d ie thyl  ace ta l  of ch lo roace ta ldehyde .  

The r e a c t i o n  of III with the hydra te  of the d i m e r  of ch lo roace ta ldehyde  in d i m e t h y l f o r m a m i d e  in the cold gave the 
i n t e r m e d i a t e  3 - h y d r o x y - 5 , 6 - d i h y d r o i m i d a z o [ 2 , 1 - b ] t h i a z o l i n e  (XV), which, in solut ion,  is capable  of changing into ( imid-  
a z o l i n - 2 - y l - t h i o ) a c e t a l d e h y d e ,  c h a r a c t e r i z e d  as  the p - n i t r o p h e n y l h y d r a z o n e  (XVI). Compound XV is l e s s  s tab le  than 3-  
h y d r o x y - 2 , 3 - d i h y d r o i m i d a z o [ 2 , 1 - b ] t h i a z o l e  (V), and when it is heated in hydroch lo r i c  ac id  o r  i ts hydroch lo r ide  is  heated 
in ethanol  o r  w a t e r  i t  is r e a d i l y  dehydra t ed  to fo rm XVII. 

*Fo r  p a r t  XLIV, see  [1]. 
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EXPERIMENTAL 

2-Mercaptoimidazole (I) [8], 2-mercapto-4,5-diphenylimidazole (II) [9], 2-mercaptoimidazoline (III) [10], and 
methyl imidazo[2,1-b]thiazole-5-carboxylate (IV) [5] were prepared by known methods. In the preparation of IV, a mod- 
ification was made by using the hydrate of the dimer of chloroacetaldehyde in place of di(bromomethyl) ether.* 

3-Hydroxy-2,3-dihydroimidazo[2,1-b]thiazole (V). A solution of 5 g (0.05 mole) of I and 5 g (0.029 mole) of the 
hydrate of the dimer of chloroacetaldehyde in 50 ml of ethanol was boiled for 1 hr and cooled, the solvent was distilled 
off in vacuum, and the residue was washed with ether. This gave 6.62 g (87.1%) of the technical hydrochloride of V, 
the decomposition of which with sodium bicarbonate gave the base V. Oily liquid soluble in water and organic solvents. 
Picrate  of V, rap 143.5-145~ (from water). IR spectrum: 3410, 3225 cm -1 (~OH). Found %: C 36.2; H 2.6; N 18.5; 
S 9.0. CsH6N2OS'C6H3N3OT. Calculated %: C 35.6; H 2.4; N 18.9; S 8.6. 

3-Hydroxy-5,6-diphenyl-2,3-dthydroimidazo[2,1-b]thiazole (VI). A solution of 6.57 g (0.026 mole) of II and 2.9 g 
(0.016 mole) of the hydrate of the dimer of chloroacetaldehyde in 60 ml of dimethylformamide was heated at 60-65~ 
(bath temperature) for 3 hr and was cooled, and the precipitate of the hydrochloride of VI was filtered off and washed 
with water. Yield 7.66 g (77.4%), mp 195-196~ (decomp., from dimethylformamide). Found %: CI 11.0. Calculated 
for C17ttttN2OS. HC1, %: C1 10.7. The decomposition of the hydrochloride with sodium bicarbonate gave the base u 
mp 187-188~ (decomp., from dichloroethane). IR spectrum: 3070 cm -1 (vOH). Found %: C 69.3; H 4.7; N 9.2; S 10.8. 
C17Ht4N2OS. Calculated %: C 69.4; H 4.8; N 9.5; S 10.9. 

p-Nitrophenylhydrazone of (4,5-diphenylimidazo-2-ylthioacetaldehyde (VII). This was obtained by heating VI with 
p-nitrophenylhydrazine in glacial CH3COOH. Orange crystals,  mp 174-175~ (decomp., from ethanol). Found %: C 64.5; 
H 4.5. C23HIgNsO2S. Calculated ~o: C 64.3; H 4.6. 

3-Hydroxy-2-methyl-5,6-diphenyI-2,3-dihydroimidazo[2,1-b]thiazole (VIII). A mixture of 5.08 g (0.02 mole of II 
and 4.66 g (0.022 mole) of the dimethyI acetal of c~-bromopropionaldehyde in 50 ml of 50% ethanol was boiled for 8 hr,  
cooled, poured into water, and neutralized with sodium bicarbonate, and the precipitate was filtered off. Yield 5.92 g 
(96.1%), mp 172.5-174.5~ (from dichloroethane). IR spectrum: 3070 cm -1 (vOH)" Found %: C 70.4; H 5.0; N 9.3; S 
10.6. C18Hl~N2OS. Calculated %: C 70.1; H 5.2; N 9.1; S 10.4. 

Imidazo[2,1-b]thiazole-5-carboxylic acid (IX). A) A solution of 6 g (0.033 mole) of IV in 60 ml of 10% HC1 was 
boiled for 1 hr and evaporated in vacuum, and the residue was dried. The yield of the hydrochloride of IX was 6.45 g 
(96.5%), mp 239-240~ (decomp., precipitated by ether from methanol). Found %: C1 17.1. C2H4N202S. HC1. Calculated%: 
C1 17.3. To obtain compound IX, a solution of 1.5 g of its hydrochloride in 50 ml of water was passed through the anion- 
exchanger DAUOS 2 x 10 (20 g), being eluted with 5% aqueous HCOOH (about 400 ml), and the eluate was evaporated and 
the residue was dried. Yield 1~.2 g (97.5%), mp 236-237~ (with decarboxylation, from water). Found %: C 42.7; H 2.4; 
N 16.4; S 19.2. C~tI4N2OaS. Calculated %: C 42.8; H 2.4; N 16.7; S 19.1. Picrate  of IX, mp 194-196~ (decomp., from 
water). Found %: N 17.6. C~H4N202S.C~H3N3OT. Calculated%: N 17.6. 

B) A mixture of 4 g (0.022 mole) of W and 214 ml of 0.1 N NaOH (0.022 mole) was boiled for 4 hr and filtered, the 
filtrate was passed through a column of a KU-2 cation-exchanger (13.5 g), and the acid was eluted with 5% aqueous HCOOH 
(400 ml). Yield 2.95 g (83.6%), mp 239-240~ (from water). 

Imidazo[2,1-b]thiazole (X). A) Some 1.5 g (0.009 mole) of IX was heated in a current of nitrogen at the melting 
point until the evolution of CO 2 ceased. The liquid was cooled and dissolved in ether, the solution was heated with ca r -  
bon and filtered, and the solvent was distilled off in vacuum. This gave 1.09 g (93.7%) of technical X in the form of a 
brown liquid which, after redistillation in vacuum, immediately crystallized. Bp 110-112~ (2 ram), mp 60-61~ Color- 
less crystals ,  soluble in water and organic solvents. Found %: C 48,3; H 3.0; N 22.5; S 26.1. CsH4N~S. Calculated %: 
C 48.4; H 3.2; N 22.6; S 25.8. Hydroehloride of X [7], rap 117.5-I19~ (from acetone). Found %: C 33.5; H 3.9; C1 19.8; 
N 16.2; S 17.9. CsH4N2S �9 HCt. H20. Calculated %: C 33.6; H3.9; C119.8~ N 15!7; S 17.9. Picrate of X mp 193-194~ (frown 
ethanol). Found %: N20.2. C~H4N2S.C~H3N3OT. Calculated %: N 19.8. Methiodide of X, colorless crystals  darkening 
at 150~ and decomposing above 200~ (by precipitation with ether from ethanol). Found %: C 26.7; H 2.7; I 47.9; N 
10.9; S 11.6. C6H-IN2S. Calculated %: C 27.1; H 2.6; I 47.7; N 10.5; S 12.0. 

*We take this opportunity to express our thanks to B. Yu. Yasnitskii for providing this substance. 
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B) A solut ion of 5 g (0.05 mole) of I and 5 g (0.029 mole) of the hydrate of the d imer  of chloroacetaldehyde in 50 
ml of ethanol was boiled for 1-1.5 hr ,  the solvent  was dis t i l led  off in vacuum, the res idue  of the hydrochloride of V was 
boiled with 35 ml of POC13 for 1 hr,  the POC13 was dis t i l led off in vacuum, the res idue  was dissolved in water ,  the so lu-  
t ion was made a lkal ine  and ext rac ted  with chloroform,  and the solvent was dis t i l led  off. This  gave 4.93 g (79.5%) of 
technical  X in the form of a v iscous  liquid c rys ta l l i z ing  af ter  vacuum dis t i l la t ion,  mp 60-61~ 

C) A mixture  of 10 g (0.1 mole) of I and 20 g (0.1 mole) of the bromoace ta l  in 100 ml of water  was boiled for 4 hr,  
the solut ion was evaporated in vacuum,  and the res idue  of the hydrobromide  of V was boiled with POC13 (100 ml) for 1 
hr and was t rea ted  fur ther  as in the preceding  exper iment .  Yield 8.75 g (70.6%), mp 60-61~ (after vacuum dist i l la t ion) .  

2-Methyl imidazo[2 ,1-b] th iazole  (XII)~ A mixture  of 6 g (0.06 mole) of I, 13.5 g (0.064 mole) of the diethyl acetal  
of ~-bromopropiona ldehyde ,  two drops of 46% HBr, and 50 ml of 50% ethanol was boiled for 5 hr.  The solvent  was d i -  
s t i l led  off in vacuum, and the res idue  of the hydrobromide  of 3 -hydroxy-2-methy l -2 ,3 -d ihydro imidazo  [2,1-b]thiazole 
(XI) was boiled with POC13 (40 ml) and t rea ted  subsequent ly  as descr ibed  for X (method "B"). Yield 6.25 g (75.5%). 
Viscous liquid soluble in water  and organic  solvents .  Sulfate of XII, mp 135-136o5~ (from ethanol). Found %: C 30.9; 
H 3.6; N 11.8; S 26.7. C6H6N2S .H2SO 4. Calculated %: C 30.5; H 3.4; N 11.9; S 27.1. P i c r a t e  of XII, mp 203-204.5~ 
(decomp., f rom water) .  Found %: N 19.2. C6H6N2S.C6H3N3OT. Calculated %: N 19.1. 

5 ,6-Diphenyl imidazo[2 ,1-b] th iazole  (XIII). A solution of 4.8 g (0.015 mole) of the hydrochlor ide of VI in 48 ml of 
POC13 was heated at 100~ for 1.5 hr ,  the POC13 was d is t i l led  off in vacuum, water  was added to the res idue ,  the solution 
was neut ra l ized  with ammonia ,  and the prec ip i ta te  was f i l te red  off. The yield of XIII was 3.92 g (97.7%), mp 135-136~ 
(from methanol).  According to the l i t e r a t u r e  [6], mp 136~ 

2-Methyl -5 ,6-d iphenyl imidazo[2 ,1-b] th iazo le  (XIV). A solut ion of 3.2 g (0.0104 mole) of VIII in 16 ml of POC13 
was heated and t rea ted  as in the p rocedure  for XIII. Yield 2.89 g (96.0%), mp 181.5-183.5~ (from methanol).  According 
to the l i t e r a t u r e  [6], mp 189~ Found %: C 74.5; H 5.0; N 9.4; S 10.7. C18H14N2 S. Calculated %: C 74.4; H 4.9; N 9.6; 
S 11.0. 

3 -Hydroxy-5 ,6-d ihydro imidazo[2 ,1-b] th iazo l ine  (XV). To a solution of 10.2 g (0.1 mole) of lII in 50 ml of d imethyl -  
fo rmamide  was added 9.6 g (0.055 mole) of the hydrate  of the d i me r  of chloroacetaldehyde,  the mixture  was left at 18-  
20~ for 18 hr ,  and the prec ip i ta te  was f i l te red  off and washed with ether .  The yield of the hydrochlor ide of XV was 
15.25 g (84.4%), mp 122.5-124.5~ (from ethanol).  IR spec t rum:  3150 cm -1 (~OH). Found %: C1 20.0. CsHsNOS'HC1. 
Calculated %: 19.6. The addition of alkal i  to an aqueous solut ion of hydrochlor ide l ibe ra ted  the base XV, mp 123-124~ 
(from methanol).  IR spec t rum:  3170, 2730, 2670 cm -1 (~OH). Found %: C 42.0; H 5.3; N 19.7; S 22.0. CsHsN2OS. Cal-  
culated %: C 41.6; H 5.6; N 19.4; S 22.2. P i c r a t e ,  mp 122-123~ (from water).  Found %: N 19.1. CsHsN2OS �9 C6H3N307. 
Calculated %: N 18.8. 

p -Ni t rophenylhydrazone  of ( imidazol in-2-yl th io)aceta ldehyde (XV1). This was obtained by boiling XV with p - n i t r o -  
phenylhydraz ine  in methanol.  Red c rys t a l s  with mp 299-300~ [decomp., f rom d ime thy l fo rmamide-ace t i c  acid (1 : 3)]. 
Found %: N 25.4. CllH13N502S. Calculated %: N 25ol. 

5 ,6-Dihydroimidazo[2 ,1-b] th iazole  (XVII). A) A mixture  of 4.08 g (0.04 mole) of III and 16 ml (0.04 mole) of 20% 
aqueous chloroacetaldehyde (or the cor responding  amount  of the hydrate of the d imer  of chloroacetaldehyde) was boiled 
for 1 hr  45 min,  the solution was evaporated in vacuum, and the res idua l  mois tu re  was e l iminated  by the addition of 
absolute  ethanol and its r emova l  by dis t i l la t ion.  The yield of the hydrocMoride of XVII was 6.15 g (95.2%), mp 180.5- 
182.5~ (decomp., by reprec ip i t a t ion  f rom absolute ethanol with acetone). According to the l i t e r a tu r e  [7], mp 183-186~ 
P i c r a t e  of XVII, mp 189.5-191~ (from ethanol).  Found %: N 19.6. C5H6N2OS �9 C6H3N307. Calculated %: N 19.7. 

B) A solut ion of 0.15 g (0.0012 mole) of the hydrochlor ide of XV in 5 ml of water  was boiled for 1.5 hr and evap- 
ora ted  in vacuum,  and the res idue  was dr ied.  The yield of the hydrochlor ide of XVII was 0.12 g (88.9%), mp 180.5- 
182.5~ (decomp., by reprec ip i t a t ion  f rom absolute  ethanol with acetone).  

2 -Methyl -5 ,6-d ihydro imidazo[2 ,1-b] th iazo le  (X-VIII). A mixture  of 4.08 g (0.04 mole) of III, 9 g (0.045 mole) of the 
diethyl acetal  of ~-bromopropiona ldehyde ,  two drops of 46% HBr, and 25 ml of water  was boiled for 3 hr,  the solvent  was 
d is t i l led  off in vacuu/n,  and the res idue  was washed with acetone and ether .  The yield of the hydrobromide of XVIII was 
8.5 g (96.1%), mp 179-181~ (from absolute  ethanol). Found %: Br 35.8. C6HsN2S. HBr. Calculated %: Br 36.1. By 
neu t ra l i za t ion  with sodium bicarbonate  and ext rac t ion  of the solution of chloroform,  the hydrobromide yielded the base 
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XVIII, mp 104-106~ [from acetone-petroleum ether (1:4)]. Found %: C 45.4; H 6.2; N 17.6; S 20.4. CsHsN2S'H20. 
Calculated %: C 45.5; H 6.4; N 17.7; S 20.3. Picrate  of XVIII, mp 182-183~ (decomp., from ethanol). Found %: N 18.9. 
C6HsN2S �9 C6H3N307. Calculated %: N 19.0. 
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