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The protonat ion of imidazo[2,1-b] thiazole  and thiazolo[2,3-f]pur ine was invest igated by PMR 
spec t roscopy .  In CF3COOH and D2SO 4 the imidazothiazole  f o r m s  a monocation,  the s t ruc tu re  
of which co r r e sponds  to the addit ion of a proton to the ni t rogen a tom of the imidazole  r ing.  
In aqueous D~SO 4 solutions,  the th iazolopurine  f o r m s  mono-  and dicat ions.  The f i r s t  p ro tona-  
tion occu r s  a t  the n i t rogen a t o m  of the pyr imid iae  r ing,  while the second protonat ion occu r s  
a t  the ni t rogen a tom of the imidazole  r ing.  The effect  of delocal iza t ion of the posi t ive  charge  
in the cat ions of the invest igated compounds was examined.  

It has been shown that the s t r u c t u r e  of the thiazolo[3,2-a]ber tz imidazole  cat ion co r re sponds  to p ro to -  
nat ion of this t h r e e - r i n g  s y s t e m  at  the n i t rogen a tom of the imidazole  f r agmen t  and cons iderab le  de loca l i -  
zat ion of the posi t ive charge  on the he t e roa tom of the thiazole  r ing [1]. In o rde r  to a s c e r t a i n  the effect  of 
annela t ion and aza  subst i tut ion on the s t ruc tu re  of the protonated f o r m s  of the he te rocycl ic  s y s t e m s  of this 
type we studied the protonat ion of imidazo[2,1-b] thiazole  (I) and thiazolo[2,3-f]pur ine (H) in the p resen t  
r e s e a r c h .  
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The as s ignment  of the s ignals  in the PMR spec t rum of the neu t ra l  I molecule  (Table 1) was  based on 
a c o m p a r i s o n  with the s p e c t r a  of 6-phenyl imidazoth iazole  (In) and th iazolo[3 ,2-a]benzimidazote .  The 
quar te t  a t  6.86 ppm (J2,3 = 4.5 Hz, J2,s = 1.05 Hz) and the doublet at  7.49 ppm were  ass igned to the 2 - H  and 
3 -H protons  of the thiazole  r ing.  The t r ip le t  a t  7.28 ppm and the doublet a t  7.47 ppm were  ass igned to the 
pro tons  of the imidazole  r ing (J5,6 =- J2,6 = 1.05 Hz). Additional spli t t ing of the 2 -H  doublet (6.86 ppm) is 
absen t  in the s p e c t r u m  of In, and the 5-H signal  is a s inglet  (7.76 ppm). 

The protonat ion of the imidazothiazole  was  studied in m ix tu r e s  of methylene  chlor ide with t r i f luoro-  
ace t ic  acid with different  CFzCOOH concent ra t ions  and in concent ra ted  sulfur ic  acid.  Measu remen t  of the 
dependences of the chemica l  shif ts  of the protons  of the two- r ing  s y s t e m  on the CF3COOH concentra t ion  
(Fig. 1) showed that  the invest igated compound f o r m s  a monocat ion,  and the equi l ibr ium is shifted c o m -  
ple te ly  to f avo r  the protonated f o r m  a t  concent ra t ions  f r o m  100 mole  % to 6 mole  %. The s ignals  of al l  of 
the protons  of the two- r ing  s y s t e m  in the s p e c t r u m  of the monocat ion a r e  shifted to weak field re la t ive  to 
the s p e c t r u m  of the neu t ra l  molecule ,  and a cons iderab le  i nc rea se  in the s p i n -  spirt coupling constant  (Js,~) 
of the or tho proton of the imidazole  r ing (from 1.1 to 2.4 Hz) is observed ,  while the J2,3 and Jz,G constants  
do not change. An inc rease  in the ac id i ty  of the med ium on pass ing f r o m  CF3COOH to 36 N DzSO 4 does not 
a f fec t  the s p i n - s p i n  coupling constants .  The shift  in the s ignals  of a l l  of the protons of the two-r ing  s y s -  
t e m  to s t rong f ield by 0.03-0.15 ppm obs e rv ed  in this case  is appa ren t ly  due to a change in the effects  of 
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Dependence of the chemical  shifts of the protons on the acid concentrat ion for  Fig. I. 
imidazo[2,1-b]thiazole:  i) 2-H; 2) 3-H; 3) 5-H; 4) 6-H. 

Fig.  2. PMR spec t rum of imidazo[2,1-b]thiazole:  a) in  CFaCOOH; b) in 36 N H2SO 4. 
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Fig. 3. Dependence of the chemical  shifts of the pro-  
tons of thiazolo[1,2-f]purine on the acid concentration: 
1) 2-H; 2) 3-H; 3) 5-H; 4) 7-H. 

the medium. These data make it possible to exclude the possibil i ty of the format ion of an imidazothiazole 
dication in concentrated sulfuric acid. The position of the protonation center  of the I molecule was es tab-  
lished f rom the PMR spec t rum of the monocation measured  in 36 N H2804 (Fig. 2). The signal of the pro-  
ton in the 6-posi t ion observed in CF3COOH and D2SO 4 as a quartet  is converted to a t r iplet  (J = 2.4 Hz) in 
36 N H2SO4; each of the components os the tr iplet  is additionally split with a constant of 1.1 Hz. The change 
in the multiplicity of the 6-H signals is due to s p i n -  spin coupling with the proton at tached to Nff), which 
a r i s e s  as  a consequence of a decrease  in the ra te  of exel~nge of the N0)--H proton in concentrated sulfuric 
acid. The same value of the ortho s p i n -  spin coupling constants with the proton attached to the nitrogen 
a tom (JN-H, C-H = 2.4 Hz) is found in the spect rum of the imidazole cation measured  under s imi lar  condi- 
tions [2]. The spec t rum of the imidazole methiodide (Ib) r ecorded  in CF3COOH (Table !) is ext remely  s imi-  
l a r  to the spec t rum of the cation both with respec t  to the position of the signals of the protons of the two- 
ring sys tem and with r e spec t  to the s p i n - s p i n  coupling constants.  Thus, protonation and quaternizat ion of 
the imidazothiazole occur  exclusively at the nitrogen atom in the 7-position. 
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TABLE 1. PMR Spectra of the Neutral  Molecules and Cations of 
Imidazo[2,1-b]thiazole (I)and Thiazolo[2,3-f]purine (II) 

C o m -  

pound 

Ia 
lb  

lI 

Medium 

CH~CI2 
CH2CI2/6mole% CFaCOOH 
CFaCOOH 
(CH2CI2/CFaCOOH) | 
36 N H2,SO4 
CH2C12 
CFaCOOH 
D~O 
1 N D2SO4 
20 N D2SO4 
36 N D2SO4 

Chemical shifts, 6, ppm 

5 7 

7,28 
7,69 
7,71 
730 
7,56 

7,2--7,8? 
7,62 

_-j 

8,97 
9,31 
9,66 
9,58 

3, H'z, 

2,3 i 2,6 

6,86 7.491 7,47 
7,46 7.8517,81 
7,52 7941 7,91 
7,45 7.8417,79 
7,41~ 7.8017,78 
6,8{] 7.481 7,77 
7,56 8.001 7,97 
7,44 8.201 9,2t 
7,72 8.501 9,64 
8,10 8.741 9,98 
8,00 8,681 9,85 

4,5 1,1 
4,5] 1,1 
4,5 1,} 
4,5 I, 
4,5 1,1 
4,5 
4,5 ~,l 
4,5 -- 
4,5 

5,6 

1,1 
2,4 
2,4 
2,4 
2,4 

7.: 

5,7 6.7 

2,4 

1,0 
1,0 

* These a re  the chemical  shifts of the protons in the I cation ex- 
t rapolated to zero  CFaCOOH concentrat ion in CH2C12. 
t These a re  the chemical  shifts of the protons of the phenyl ring 
in the 6-position. 

In o rde r  to examine the effect of protonation at N(7 ) on the relat ive changes in the shielding of the 
protons of the two-r ing sys tem (A6) the chemical  shifts in the spec t rum of the monocation measured  in 
mixtures  of methylene chloride with t r i f luoroacet ic  acid were  extrapolated to zero  acid concentration. This 
makes  it possible to exclude the contributions of the effects of the media to the A5 values.  It follows f rom 
a compar ison of these values that the proton in the 2-posi t ion of the thiazole ring experiences appreciably 
g r e a t e r  deshielding than the proton attached to C (6), which is in the a position relat ive to the cationoid cen-  
t e r  (A62 = 0.59 ppm, A56 = 0.42 ppm). The changes in the chemical  shifts of the protons in the 3- and 5-po-  
sitions adjacent  to the common nitrogen atom proved to be ext remely  close (0.35 and 0.32 ppm). These r e -  
sults make it possible to conclude that protonation of the imidazothiazole leads to redistr ibut ion of the 
e lec t ron  density over  the entire two-r ing system,  during which a considerable portion of the effective posi-  
tive charge  in the cation is localized on the heteroatoms of the thiazole ring. 

$ H H 

-(L?)  
These peculiari t ies  of the s t ruc ture  of the protonated fo rm may have a substantial  effect on the relat ive r e -  
activi t ies of the var ious  positions of the two-r ing sys tem in electrophil ic substitution react ions occurr ing  
under ac id -ca ta lys i s  conditions. Some react ions of this type were studied in the case of a number of 6- 
aryl imidazo[2,1-b] thiazoles  (for example, see [3-7]). It follows f rom the data f rom these studies that the 
react iv i ty  of the sys tem in the 5-posi t ion is substantially higher than in the 2-  and 3-posi t ions.  

The deshielding of the protons of the thiazole ring increases  (AS 2 = 0.69 ppm, A63 = 0.47 ppm) during 
the protonation of thiazolo[3,2-a]benzimidazole[1] under the same conditions, while the changes in the chem-  
ical shifts of the protons of the benzene ring do not exceed 0.25 ppm. Consequently, the effect of t r ans f e r  
of positive charge f rom the cationoid center  to the heteroatoms of the thiazole ring increases  with annela- 
tion of the imidazothiazole sys tem.  

Aza substitution of the thiazolobenzimidazole can change the position of the protonation center  of the 
sys tem.  Thus, the thiazolo[2,3-f]purine molecule (II) contains three possible cationoic centers :  the ni t ro-  
gen a toms in the 6-, 8-, and 9-posit ions.  The protonation of purine was investigated in detail by PMR spec-  
t roscopy  in aqueous solutions of minera l  acids at var ious pH values [8-10] and also in s t rongly acidic non- 
aqueous media [11]. On the basis  of these data, it was unambiguously established that the f i r s t  protonation 
of purine occurs  at the pyrimidine ni trogen [No)], while the second protonation occurs  at the nitrogen atom 
of the imidazole ring (N(9)]. However, the presence  of a 7r-surplus thiazole f ragment  does not make it 
possible to del iberately draw an analogy between the relat ive basic i t ies  of the ni trogen atoms of the pyr imi -  
dine and imidazole r ings in the investigated sys tem (l-I) and in purine. 

The protonation of the thiazolopurine was studied f rom the PMR spect ra  of aqueous solutions with 
var ious  concentrat ions of deuterosulfur ic  acid. Two doublets of the protons of the thiazole ring O2,3 = 4.5 
Hz) a r e  observed in the spec t rum of the neutral  II molecule.  In analogy with the spec t rum of I, the doublet 
at  s t ronger  field was ass igned to the proton in the 2-posit ion.  The ass ignment  of the signals to the protons 
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Fig. 4. PMR spec t rum of thiazolo[1,2-f]purine.  
a) in D20; b) in 3 N D2SO4; c) in 22 N D2SO r 

of the pyrimidine ring was based on a compar i son  with the spec t rum of purine [12]. The g r ea t e r  deshield-  
ing of 5-H as compared  with 7-H is apparently due to the effect of the ring cur ren t s  of the imidazothiazole 
f ragment .  The relat ive intensity of the observed  signals cor responds  to this assignment.  The considerably  
g r ea t e r  broadening of the 7-H signal is associa ted  with the effect of the quadrupole relaxation of the two 
adjacent  ni trogen atoms.  Measurement  of the dependence of the chemical  shifts of the protons of the t h r ee -  
ring sys tem on the D2SO 4 concentrat ion (Fig. 3) made it possible to determine the degree of protonation of 
the II molecule at var ious  acidit ies of the medium. The compound exists exclusively in the monocation form 
at  D2SO 4 concentrat ions f rom 1 to 8 N and in the dication fo rm at D2SO 4 concentrat ions f rom 18 to 36 N. The 
pa rame te r s  of the spect ra  of the neutral  molecule, the monoeation, and the dication of the thiazolopurine 
a re  presented in Table 1. The position of the center  of the f i r s t  protonation was established f rom the change 
in the mult ipl ici ty of the signals of the protons of the pyrimidine ring that was observed as the D2SO 4 con- 
centrat ion was increased f rom 0 to 1 N. The equil ibrium between the neutral  and monoprotonated fo rms  of 
the compound cor responds  to this acidity interval.  The J5,7 c o n s t a n t  in the spec t rum of the neutral  mole-  
cule is close in absolute value to zero  and is not observed because of broadening of the signals caused by 
the quadrupele relaxat ion effect. The J5,7 constant increases  to 1 Hz as the acid concentrat ion is increased  
to 1 N, and the 5-H and V-H signals a re  observed as doublets in the spec t rum of the monocation. A fur ther  
increase  in the acidi ty of the medium does not affect the magnitude of the J~,~ constant. A completely  s imi -  
lar  increase  in the s p i n - s p i n  coupling constant  of the protons of the pyrimidine ring up to 1.04 Hz is ob- 
served  on passing f rom the neutral  molecule to the purine monocation [10]. It follows f rom these data that 
the f i r s t  protonation of the thiazolopurine occurs  at  the ni t rogen atom of the pyrimidine ring in the 6 -pos i -  
tion. Moreover ,  the signals of all of the protons of the th ree - r ing  sys tem are  shifted to the weak field. 
Large  deshielding is observed for' the protons of the pyrimidine ring (AS 5 = 0.43 ppm, A67 = 0.34 ppm). 
However, the changes in the chemical  shifts of these protons a re  considerably less  than the changes ob- 
served  during protonation of purine under s imi la r  conditions (0.68 and 0.65 ppm, respectively) [10]. In 
addition, the deshielding of the thiazole ring protons that a re  remote  f rom the cationoid center  is quite 
high (A6 2 = 0.28 ppm, A83 = 0.30 ppm). These resul ts  and the observed A85 > A87 ratio attest  to the fact  
that the effect of t r ans fe r  of positive charge to the thiazole ring plays an important  role in the thiazolopu- 
rine cation. 

The established s t r u c ~ r e  of the monocation gives every  reason  to assume that the second protor~tion of 
the thiazolopurine,  in analogy with purine, should occur  at  the nitrogen atom of the imidazole ring in the 9- 
position. This is in agreement  with the spec t rum of the dication of If. The 7-H doublet in the spec t rum of 
the monocat ion is broadened as a consequence of the effect of quadrupele relaxation of the N(B ) atom. Al-  
though the constants due to s p i n -  spin coupling with the N -  H proton cannot be fixed in the spec t rum of the 
dication in concentrated sulfuric acid because of rapid proton exchange, the absence of any changes whatso-  
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eve r  in the width of the 7-H signal as compared  with the spec t rum of the monoeat ion (Fig. 4) does not co r -  
respond to the addition of a second proton to N(8 ). In addition, the proton in the 2-posi t ion of the thiazole 
ring exper iences  the g rea t e s t  deshielding on passing f ro m  the monocation to the dieation of IT, as is also ob- 
s e rved  in the protonation of the thiazolobenzimidazole at the N(9 ) a tom of the imidazole ring. 

EXPERIMENTAL 

The investigated compounds were  synthesized by methods desc r ibed  in [13, 14]. The PMR spec t ra  of 
0.17 M solutions of the compounds were  r eco rd ed  with a C-60HL spec t rome te r .  The chemical  shifts were  
m e a s u r e d  on the ~ scale.  Sodium 4 ,4 -d ime thy l -4 - s i l apen tane - l - su l fona te  was used as the internal  s tandard 
fo r  solution in D20/D2SO 4 and H20/H2SO4, while te t ramethyls i lane ,  the signals of which were  taken as  ze ro  
on the indicated scale ,  was used as  the internal  s tandard for  solutions in CH2C12/CF3COOH. 
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