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The Mannich react ion in a number  of 6-(2-furyl)-subst i tuted imidazo[2,1-b]thiazoles is 
real ized initially in the 5 posit ion of the imidazothiazole system,  whereas it is also r ea -  
lized in the 5 posit ion of the furan ring in the presence  of excess  reagents if the la t ter  
posit ion is not substituted. Iodomethylation occurs  at the N 7 atom of imidazothiazole.  
The Mannich bases  of 6-(5-ni t ro-2-furyl ) imidazo[2,1-b] th iazole  are  iodomethylated only 
at the aminomethyl  group. The pK a values of the se r ies  of compounds were measured .  

In o rder  to study the react ivi t ies  of 6-(2-furyl)-subst i tuted imidazo[2,1-b]thiazoles (I, It) we sub- 
jected them to aminomethylat ion and iodomethylation. Secondary amines and a 36% solution of formal in  
in acetic acid were used to p repare  the Mannich bases .  
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i R=H; II R=CH~; III R=H, R'2N=piperidino; IV R=CHz. R'2N=pyrrolidino; 
V R=H, R'.~N=0ioeridin o. VI R=CH3. R'aN=piperidino; VII R=H. R'2N=morpholino; 
VIII R=H, R'2N'-piperid'ino- IX R=CH3, R72N=piperidino; X R=H, R'2N='rnorphotino; 

XI R=H, R'~N=pyrro'lidino; XIII R=H; XIV R=CH3: XV R=R'=X=H: 
XVI R=CH3, R'=X=H; X\/II R=R~=H, X=NO2; XVIII R=R'=CH~, X=H: XIX R= 

= R'=CHs, X=Br 
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TABLE 1. Methiodides XV-XIX 

:ore - 
ound R 

xvnl H 
XVIlII CH3 

XIX[ CHa 

R' x rap, ~ 

H 

CH3 NO2 

CHa Br 

218--220 
2i2--213 
218--219 
243--245 
255--257 

Empirical Found, % Calc., % 
formula . . . .  

C }I N C H N 

CIoH~IN~OS 36,1 2,7 8,5136,1t2,7 8,4 45 
CuHulN2OS 38,4[ 3,1] 8,0/38,71 3,2] 8,2] 60 
CmHsINsOaS 3t,6/2;O/1o,91 31,8l 2,11 11,61 7 
C~a-I~alN2OS 39,713,6] 7,4l 39,9l 3,91 7,8] 78 
CI2H,=BrlN=OS 132,41 2.61 6.5 / 32.612,71 6,51 54 

Like 2- (2- fury l ) imtdazo[1 ,2-a]pyr id ine  [1], I and II f o rm bis (aminomethyl) de r iva t ives  involving the 5 pos i -  
t ions of the imidazothiazole  and furan r ings when excess  aminomethylat ing agents  a re  p resen t ,  whereas  
6 -a ry l imidazo th iazo les  [2] r eac t  only at the 5 posi t ion of the imidazothiazole  sys tem.  

When equimolecu la r  amounts of the aminomethyla t ing agents a re  used, subst i tut ion occurs  p r i m a r i l y  
in the 5 posi t ion of the imidazothiazole  sys tem;  this was es tabl i shed by subsequent  n i t ra t ion of p iper id ino-  
methyla t ion products  V and VI, as a resu l t  of which we obtained VIII and IX, which were  identical  to the 
products  of p iper id inomethyla t ion  of 6- (5-n i t ro-2- fury l ) imidazo[2 ,1-b] th iazole  {XIII) and its 3 -methy l -  
subst i tuted der iva t ive  {XIV). 

B i s [2 - (5 -n i t ro -2 - fu ry l ) imidazo[2 ,1 -b ] -5 - th iazo ly l ]methane  (XII) was obtained instead of a Mannich 
base  in the reac t ion  of XIII with dibutylamine hydrochlor ide and pa ra fo rmaldehyde  in refluxing amyl  alcohol.  
A s i m i l a r  reac t ion  is obse rved  with 6-chloroimidazo[2 ,1-b] th iazole  in the p r e sence  of hydrogen chloride [3]. 

Fury l imidazoth iazo les  a re  capable  of iodomethylat ion under  the usual  conditions (Table 1). It  was 
shown in the case  of XIII that  when the re  is a n i t ro  group in the furan  ring, iodomethylat ion is hindered; 
this is a s soc ia ted  with a dec rease  in the bas ic i ty  of the compound. The pK a values  for  6 - (2 ' - fu ry l ) imidazo-  
[2,1-b]thiazole and i ts  2 -me thy l - ,  3 -me thy l - ,  and 5 ' -n i t ro~subs t i tu ted  der iva t ives ,  respec t ive ly ,  a re  2.93, 
3.09, 3.17, and 1.90. It  was found to be imposs ib le  to de te rmine  the pK a value of 2 ,3-d imethyl -subs t i tu ted  
I because  of the smal l  dif ference in the UV spec t r a  in acidic and alkaline media .  Iodomethylat ion of 5- 
pyr ro l id inomethy l -6 - (5 -n l t ro -2 - fu ry l ) imidazo[2 ,1 -b ] th iazo le  (XI) occurs  only at the amino group to give 
XXo The pK a value of the pyr ro l id ino  group in Mannich base  XI (8.98) is re la t ive ly  close to the pKa value 
of 1 -methylpyr ro l id ine  (10.46) [4]. 

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

Chromatography  was accompl ished  on Silufol UV-254 in a c h l o r o f o r m - m e t h a n o l - a c e t i c  acid s y s -  
t e m  (15 : 4 . 1 ) .  The mel t ing points were  de te rmined  with a Boetius appara tus  and were  not co r r ec t ed .  
The IR spec t r a  of hexachlorobutadiene (.2000-3600 and 1300-1500 cm -1) and mine ra l  oil (800-2000 cm -~) 
suspensions  of the compounds were  obtained with a UR-20 s p e c t r o m e t e r .  

The UV s p e c t r a  of 5 . 1 0  -5 M solutions in alcohol were  recorded  with a Specord UV-vis  s p e c t r o m e t e r .  
The pK a values  were  m e a s u r e d  with the same  appara tus .  For  this,  5- 10-5-2.5 �9 10 -5 M aqueous alcohol 
solutions of the compounds containing 20% ethanol (by volume) were  invest igated at 20 * 1 ~ and var ious  pH 
values .  A bora te  buffer  solution (pH 6.8-10.0) and hydrochlor ic  acid solutions,  the acidi t ies  of which were  
de te rmined  f r o m  the Hammet t  H 0 function [5], and a sodium hydroxide solution (pH 12) were  used to c rea te  
definite acidi t ies  of the med{a. The pH values were  m e a s u r e d  with an LPU-01 appara tus  ca l ibra ted  with 
r e spec t  to biphthalate (pH 4.00) and bora te  (pH 9.18) buffer  solutions; the accuracy  in the de terminat ions  
was • 0.02. The pK a values were  calculated f r o m  the fo rmula  

[HA] 
pK=pH(Ho) +Ig. [A]- 

without co r r ec t ion  fo r  the ionic s t rength  of the solutions in view of the low concentra t ions  of the buffer  

mix tu re s .  

5 -P ipe r id inomethy l -6 - (5 -p ipe r id inomethy l ,2 - fu ry l ) imidazo[2 ,1 -b ] th iazo le  (III). A solution of 4.16 g 
(0.05 mole} of fo rmal in  and 4.3 g (0.05 mole} ofptper id ine  in 15 ml  of acet ic  acid was added dropwise to a 
solution of 3.9 g (0.02 mole) of I in 18 ml  of acet ic  acid, a f t e r  which the mix ture  was heated and s t i r r ed  at 
60 ~ for  3 h. It  was then made alkaline with 20~ aqueous sodium hydroxide solution, and the res inous  p rod-  
uct was sepa ra t ed  and t r i t u ra t ed  with wate r .  I t  was then dried over  sulfur ic  acid to give a v i t reous  sub- 
stance with Rf 0.05 in 67% yield.  The product  did not c rys ta l l i ze  f r o m  organic solvents ,  and it was t h e r e -  
fore  pur i f ied and identified in the f o r m  of its sa l t s .  The t r ihydrochlor ide  was obtained as co lo r l e s s  c r y s -  
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tals  with mp 211-212 ~ (from absolute a l c o h o l - e t h e r )  by the action of a solution of hydrogen chloride in 
absolute alcohol on the base.  Found: C 45.7; H 7.1; N 10.6%. C21H28N4OS" 3HCI" 3H20. Calculated: C 46.0; 
H 6.8; N 10.3%. UV spect rum,  },max, nm (log e): 275 (4.32). 

3-Methy•-5-pyrr••idin•methy•-6-(5-pyrr••idinomethy•-2-fury•)imidaz•[2,•-b]thiaz••e (IV). This corn- 
pound was s imi la r ly  obtained. The yield of crude product  was 930/0. The t r ip ic ra te  had mp 108.-110 ~ (from 
alcohol). Found: C 45.1; H 3.5; N 17.0%. C20H2~N4OS "3C~HsN3OT. Calculated: C 45.6; H 3.3; N 17.4%. 

5-Piper id inomethyl -6- (2- fury l ) imidazo[2 ,1-b] th iazole  (V). This compound was s imi la r ly  obtained 
f rom equimolar  amounts of reagents .  The yield of product  with Rf 0.21 was 79%. The dihydrochloride had 
mp 194-196 ~ (from absolute a l coho l -abso lu te  e ther) .  Found:C 45.4; H 5.5; C1 18.1%. C15H17N3OS ." 2HCI" 
2H20. Calculated: C 45.7; H 5.8; C1 17.8%. UV spect rum,  ~-max, nm (log ~): 275 (4.22). The di(3,5-di-  
ni trobenzoate)  was obtained as a yel low powder with mp 179-181 ~ by the action of 3 ,5-dini t robenzoic acid 
on the base in absolute alcohol a f te r  washing with absolute alcohol. Found: C 49.2; H 3.7; N 14.0%. 
C15H17N3OS" 2C7H4N307. Calculated: C 48.9; H 3.5; N 13.8%. 

5-Morphol inomethyl-6-(2-furyl ) imidazo[2,1-b] th iazole  (VI). This compound, with Rf 0.36, was s im-  
i lar ly  obtained in 81% yield.  The dihydrocMoride had mp 190-192 ~ (from absolute a l coho l -abso lu te  ether) .  
Found: C 43.7; H 5.0; C1 19.2%. CI4H15N302S" 2HCl '2H20.  Calculated: C 44.0; H 5.0; C1 18.7%. The di- 
p ic ra te  had rap 164-166 ~ (from alcohol). Found: C 42.2; H 3.0; N 16.9%. C14H15N302S. 2CGH3N307. Calcu-  
lated: C 41.8; H 2.8; N 16.9%. The di(3,5-dinitrobenzoate)  had mp 149-151 ~ Found: C 47.0; H 3.4; N14.0%. 
C14H15N302S'2CTH4N20 G. Calculated: C 47.1; H 3.2; N 13.8%. 

5-Piper id inomethyl -6- (5-n i t ro-2- fury l ) imidazo[2 ,1-b] th iazo le  (VIII). A) This compound was s imi la r ly  
obtained in 78% yield as yellow p r i s m s  with mp 151-153 ~ (from alcohol) and Rf 0.23. Found: C 53.9; H 4.8; 
N 16.6%. C15Hl~N403. Calculated: C 54.2; H 4.8; N 16.8%. UV spect rum,  ~-max, nm (log e): in alcohol 
238 (4.28) and 384 (4.19); in 0.1 N HC1 237 (4.30) and 379 (4.19). 

B) A solution of crude V in 20 ml of acet ic  acid was added dropwise with vigorous s t i r r ing  and ice 
cooling to a solution of 30 ml of 96% sulfuric  acid and 1.25 ml (22 mmole)  of 70% nitr ic  acid, a f te r  which 
the mixture  was s t i r r ed  for  1 h and t rea ted  with aqueous sodium hydroxide solution until it was weakly 
alkaline. The resul t ing precipi ta te  was removed by f i l t ra t ion and washed with wate r  to give 1.66 g (41%) 
of a product  with rap 152-153 ~ (from alcohol). According to the Rf values and UV and IR spectra ,  the p rod-  
uct was identical  to a sample p repa red  by method A. IR spect rum,  cm- l :  3140 and 3120 (ring vCH), 2950 
and 2870 (CH 2 Vas and Vs), 1488 (sc issors  vibrat ions of the CH 2 group), and 1550 and 1340 (nitro group Vas 
and Vs). 

3 -Methyl -5-p iper id inomethyl -6- (5-n i t ro-2- fury l ) imidazo[2 ,1-b] th iazole  (IX). The yield by method A 
was 82%, and the yield by method B was 32% {based on crude VI). The yellow c rys ta l s  had mp 158-160 ~ 
[from aqueous dimethylformamide (DMF)] and Rf 0.28. Found: C 55.1; H 5.0; N 15.9%. C16H18N4OaS. Cal-  
culated: C 55.5; H 5.2; N 16.2%. 

5-Morphol inomethyl -6- (5-ni t ro-2-furyl ) imidazo[2 ,1-b] th iazole  (X). The yield by method A was 50%, 
and the product  had Rf 0.55 and mp 149-151 ~ (from alcohol). Found: C 49.9; H 4.3; N 17.1%. C14Ht4N404S. 
Calculated: C 50.2; H 4.2; N 16.8%. The dihydrochloride had mp 225-227 ~ (from an alcohol solution of 
hydrochlor ic  acid). Found: C1 16.5%. C14H14N404S'2HC1. Calculated: C1 16.77o. 

5 -Pyr ro l id inomethy l -6- (5-n i t ro -2- fury l ) imidazo[2 ,1-b] th iazo le  (XI). The yield by method A was 84%, 
and the yellow c rys t a l s  had mp 142-144 ~ (from alcohol). Found: C 52.7; H 4.3; N 17.2%. C14H14N403S. 
Calculated: C 52.8; H 4.4; N 17.6%. The dihydrochloride was obtained as yel lowish c rys ta l s  with mp 278- 
279 ~ (from an alcohol solution of hydrogen chloride) .  Found: C 42.8; H 4.3; N 14.0%. C14H14N403S- 2HC1. 
Calculated: C 43.0; H 4.1; N 14.3%. 

All of the aminomethylat ion products  (the bases) were  quite soluble in DMF, acetic acid, acetone, 
and hot alcohol, only slightly soluble in e ther ,  and insoluble in pe t ro leum e the r  and water;  in cont ras t  to 
the s tar t ing compounds, they did not sublime in vacuuo. Like the Mannieh bases  of the 2-(2-furyl ) imidazo-  
[1,2-a]pyridine s e r i e s  [1], III-VII dissolved in concentrated sulfuric acid to give intensely g reen -co lo red  
solutions, in cont ras t  to I and II, which gave c a r m i n e - r e d - c o l o r e d  solutions.  The Mannich bases  with a 
ni tro group in the furan ring (VIII-XI) dissolved in concentra ted sulfuric  acid to give ye l low-green-co lo red  
solutions, whereas  s tar t ing XIII and XIV formed yellow solutions. Tr ihydrochlor ide  III and dihydrochlorides  
V and VI were quite soluble in water .  Dihydrochlor ides  X and XI were  more  soluble in wa te r  than thebases  
but underwent par t ia l  hydrolys is .  
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Bis[6-(5-nitro-2-furyl)imidazo[2,1-b]-5-thiazolyl]methane (XII). A mixture of 2.35 g (10 mmole) of 
XIII, 0.6 g (20 mmole) of paraformaldehyde, 1.66 g (10 mmole) of di-n-butylamine hydrochloride, and 50 
ml of amyl alcohol was refluxed for 30 rain, and the solid material  was removed by filtration and washed 
with dilute ammonium hydroxide to give 0.69 g (29%) of a yellow powder with mp 310-312 ~ (dec., from 
aqueous DMF). Found: C 47.5; H 2.2; N 17.1%. C19H10N606S 2. Calculated: C 47.3; H 2.1; N 17.4%. 

Methiodides (XV-XIX, Table 1). A 10-mmole sample of the appropriate imidazothiazole was refluxed 
with 25 mmole of methyl iodide in 20 ml of absolute alcohol for 6 h, after  which the mixture was diluted 
with dry ether,  and the resulting precipitate was removed by filtration and crystallized from absolute al- 
cohol or absolute alcohol-absolute ether.  

In the case of iodomethylation of nitrofurylthiazole, the unchanged starting material  was removed by 
filtration, and the methiodide was isolated by the addition of absolute ether to the filtrate. 

The methiodides of the furylimidazothiazoles were colorless crystalline substances that were quite 
soluble in water, moderately soluble in alcohol, and insoluble in ether. Nitrofurylimidazothiazole methiodide 
was an orange substance. 

5- (N-Methylpyrrolidinomethyl)-6- (5-nitro-2-furyl)imidazo[2,1-b]thiazole Iodide (XX). A mixture of 
0.63 g (2 mmole) of XI, 1.4 g (10 mmole) of methyl iodide, and 10 ml of DMF was heated on a water bath 
for 5 h, after  which the methiodide was removed by filtration. An additional amount of the methiodide was 
precipitated by the addition of ether to the filtrate.  The yield of orange crystals  with mp 220-221 ~ (after 
washing with DMF and ether) was 87%, Found: C 38.9; H 3.7; N 11.9%. C~bH17IN403S. Calculated: C 39.1; 
H 3.7; N 12.1%. 
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