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The ring-chain tautomerism of S-acylalkyl-substituted 2-mercapto-4,5-diphenylimidazoles, 
2-mercaptobenzimidazoles, 2-mercaptonaphth[l,2-d]imidazolesl 8-mercaptopurines, 8- 
mercaptotheophyllines, and 2-mercaptoimidazolines was studied by means of PMR and IR 
spectra. It was established that, depending on the structure of the aldehyde or ketone res- 
idue, the character of the heteroring condensed with the imidazole ring, the aggregate state, 
and the solvent used, these substances exist as open heterylmercapto aldehydes (ketones), 
cyclic 3-hydroxy derivatives of imidazothiazoline systems, or as mixtures of the indicated 
tautomeric forms. When there is a substituent in the 2 position of the thiazoline ring, the 
cyclic compounds exist as mixtures of two diastereoisomeric forms. 

It has been demonstrated on the basis of IR spectra and several chemical reactions that S-acylalkyl- 
substituted imidazoles [1-8], imidazolines [5, 7, 9, I0], benzimidazoles [5, 6, 10-17], naphth[l,2-d]imid- 
azoles [18, 19], purines [15, 20], and xanthines [5, 20] have open heterylthioaldehyde (ketone) structures (A) 
or the cyclic structures (B) of 3-hydroxy derivatives of imidazothiazoline systems, and both forms appar- 
ently exist in equilibrium. 

o 
II o ,  

A B 

The ex is tence  of this so r t  of r i n g - c h a i n  t a u t o m e r i s m  in a number  of imidazole  [6], imidazol ine [10], 
and benzimidazole  [6, 10, 13-17] de r iva t ives  was also conf i rmed  by means  of the PMR spec t r a .  

In the p resen t  r e s e a r c h ,  we have made a fu r the r  invest igat ion,  on the bas is  of the PMR s p e c t r a  and 
IR spec t r a ,  of the r i n g - c h a i n  t a u t o m e r i s m  of S-acy la lky l - subs t i tu ted  2 -mercap to -4 ,5 -d ipheny l imidazo le s  
(I), of the cor responding  2 - m e r c a p t o i m i d a z o l e  de r iva t ives ,  which a re  condensed with var ious  a roma t i c  and 
he te rocyc l ic  s y s t e m s  - b e n z e n e  (iI), naphthalene (III), pyr imidine  (IV), and 1 ,3-d imethylurac i l  (V) - a n d  of 
subst i tu ted  2 -mereap to imidazo l ine s  (VI). 
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The following substituents were used for  R 1 and R2: 

bi R~=CH~; R2=H; e) R1=R2=CHz. 
c) RI=H; R2=CH3; 

A sys tem of signals of the ABX type with JAX ~ JBX corresponds  to the protons of the saturated por -  
tion of the molecules  in the PMR spect ra  of Ia-Va in perdeuter0dimethylformamide (C3DTNO) or  in pe r -  
deuterodimethyl sulfoxide (C2D6SO), which is in agreement  only with a cyclic s t ructure  for molecules B. 

- - N - -  .OH 

N S 'H '  ' 

B 

The AB portion of the sys tem corresponds  to the 2-H' and 2-H" protons of the thiazoline ring ( J 2 ' , 2 "  -- 

12.5 Hz, J2',3 = 2.5 Hz, J2",3 = 5,2 Hz), while the X portion cor responds  to the 3-H proton (J2',3 = 2.5 Hz, 
J2" ,3 = 5.2 Hz). On the basis  of the available data on the Jc is  and J t rans  values of the protons in f ive-  
membered  heteroeycl ic  sys tems  [21, 22], we assigned the s t rong-f ie ld  signal of the AB portion of the s y s -  
tem (Jgem = 12.5 Hz, J t rans  = 2.5 Hz) to the 2-H' proton in the cis position relat ive to the OH group, and 
the signal at weaker  field (Jgem = 12.5 Hz, Jc is  = 5.2 Hz) to the 2-H" proton in the t rans  position relat ive 
to the OH group.  The chemical  shifts of 2-H' ,  2-H", and 3-H and the s p i n - s p i n  coupling constants are p re -  
sented in Table 1. 

The PMR spec t ra  of Ia and Va in a mixture of perdeuteromethanol  (CD3OD) and perdeuteropyridine 
(C~DsN) contains, in addition to signals of the protons of the thiazoline ring (ABX system),  signals of the 
A2X type (JAX = 6 Hz), which we assigned to the protons of open form A. The amount of this form present  
depends on the rat io of the indicated solvents and increases  as the CD3OD concentration r i s e s .  Only the 
signals of the protons of open form A are observed in the spec t rum of hydrochloride Ia in CD3OD , while 
only those of cyclic form B are observed in C3DTNO solution. The anomalous shift in the tr iplet  of the p ro -  
ton of the CHO group of the open form to s t ronger  field (to 5.0 ppm) as compared  with the usual chemical  
shifts for aldehyde protons (9-10 ppm) is probably associated with hydration of the aldehyde group to 
CH(OH)2 due to the mois ture  present  in the deuteromethanol.  This sor t  of assumption is in agreement  with 
the IR spect ra :  the absorption band of a C ----O group is not observed in the spect rum of hydrochloride Ia in 
CD3OD. 

According to the PMR spect ra ,  Ib-IIIb and Vb, for which R l = CH 3 and R 2 = H, exist in solution in 
C3D~NO as a mixture of two cyclic i somers  - the cis  (B~) and trans (B2) fo rms .  

BI ]3 z 

Two sys tems  of signals of the AX type with different chemical  shifts of the 2-H and 3-H protons and 
different s p i n - s p i n  coupling constants are  observed in the spec t ra  (see Table 1). The magnitudes of the 
s p i n - s p i n  coupling constants (J~,3 = 5.2 Hz and J�89 = 2.5 Hz) exclude the assignment  of these signals to 
the protons of open form A and are  in good agreement  with their  affiliation with cis and t rans  cycl ic  forms 
B 1 and B 2. The signals of the 2-H and 3-H protons of the t rans cyclic i somer  B 2 are observed at s t ronger  
field as compared with the same protons in cis cyclic i somer  B 1 . 

The IR spec t ra  of Ia, IIa, IVa, Via, Ib, and lib indicate the presence  of only one cyclic form (B) in the 
c rys ta l s ,  since the absorption band of a carbonyl  group is absent in the spec t ra .  Similar  data were ob- 
tained for Ia, IIa, IVa, and Via in CHC13; the vC= O band is also absent, and absorption charac te r i s t i c  for 
the s tretching vibrations of free and associated OH groups is observed at 3560-3605 cm -1. In cont ras t  to 
the spec t ra  of Ia, IIIa, IVa, and Via, the weak absorption bands of CO and NH groups that are  charac te r i s t ic  
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TABLE 1. P a r a m e t e r s  of the PMR Spec t ra  of I a -Va  and Ib-Vb 

Comp. 

Ia 

la .  HC1 

IIa * 

IIIa* 

Wa * 

Va 

Ib 

IIb 

IIIb 

V b  

Form of 
Solvent , compound 

C3DzNO I B 
CsDsN-- B 
CD~OD, 

1:1 A 
C3D7NO B 
CD3OD A 

C3DzNO B 
C3DTNO B 
C2D6SO B 
C3DrNO B 
CsDsN-- B 
CDaOD, A 

1:1 

C DTNO 

r 

C3DTNO B 2~ B l / 4 : 5  

2 - H '  

3,68 
3,62 

3,49 (2H)J 
doublet [ 

3,95 
3,36 (2H) 
doublet 

3,77 
3,83 
3,88 
3,70 
3,80 

3,60 (2H) 
doublet 

62-- II  

4,15 
4,66 
4,30 
4,75 
4,57 
5,07 
4,19 
4,67 

~, ppm 

2 - H "  3- I t  

4,29 6,04 
4,15 5,98 

5,00 
triple' 

4,58 6,38 
4,87 

triplel 
4,35 6,38 
4,41 6,55 
4,44 6,60 
4,28 6,25 
4,30 6,46 

5,02 
~iplel 

83-K 62~ciz 

5,60 1,55 
5,76 1,55 
6,01 1,54 
6,17 1,54 
6,00 1,56 
6,18 1,56 
5,88 1,52 
6,05 1,52 

2",2 ~ 

12,5 
12,5 

12,5 

12,5 [ 

12,5 I 
I2,5 I 
12,5 
12,5 
- -  f 

~,2 

Y2 
T2 
5,2 

1. Hz 

2' ,3  [ 2",3 

~' I 5,2 
5,2 

6,0 

"~ 5,2 
6,0 

2,5 
2,5 

~am 

2,5 

2,5 

5,2 
5,2 
5,2 
5,2 
5,2 

6,0 

]2-H,CII I 

7,5 
7,5 
7,5 
7,5 
7,5 
7,5 
7,5 
7,5 

*Compounds I I a - IVa  could not be invest igated in CD3OD and CsDsN 
because  of t he i r  low solubi l i t ies .  
? The s p i n - s p i n  coupling constant  is c lose  to ze ro .  

TABLE 2. Absorpt ion Frequenc ies  (cm -l) of the Functional  Groups 
in the IR Spec t ra  of the Invest igated Compounds 

Comp. 

I n *  
IIa* 

IVa* 
Via* 

lb 

IIb 
le 

Ilc 

IIIc 

IVC 
Ild 

IVd 

VId 

l e  

Ile 

IIle 

Crystalline state  

tauto merle 
~C=O form 

1730m 

1725s 
1678-- 
1690s 
1673s 

1715s 

"qC~O 

B u 
B 
B 
B 
B 16~ w 

B 1710w 
B +A 1717vs 

B 1715m 

B 1712VS 

A 1718 m 
A 1682vs 

A 1683"* 
1698 

B 1673 m 

A 1710 s 

B 1706 m 

B 1713 $ 

In CHC13 

N II 

31~ s,b 
3420w 
3448w 
3440 $ 
3455 m 

3460 s 

3440 m 
3460 s 

3420w 

3320w,b 
3438 
3460 m 

3448 s 

~ O H  

3560--3602 
3565--3607 
3600 
3600 
3560m 
3600 w 
3605m 
3580vw 
3569 w - -  
3605 w 
3570vw -- 
3606vw 
3610m 
3600w 

3560S - 
3600m 

3570m-- 
3603w 
3560w -- 
3605w 

tautomeric 
f n r m _ _  

B 
B 
B 
B 

B ~-AI" 

B + } t  

a~B 
AS 

. B+A~" 
A t-B :1: 

A+B 

B +AT 

A 

A+B 

A + B $  

* A  q u a l i t a t i v e  e v a l u a t i o n  of  t h e  b a n d  i n t e n s i t i e s  i s  n o t  p r e s e n t e d  
b e c a u s e  o f  t h e  l ow  s o l u b i l i t i e s  of  Ia ,  I I a ,  I V a ,  a n d  V i a .  

C y c l i c  t a u t o m e r i c  f o r m  B p r e d o m i n a t e s .  

$ O p e n  t a u t o m e r i e  f o r m  A p r e d o m i n a t e s .  

* * T h e  s p e c t r u m  of  a s o l u t i o n  in  p y r i d i n e  w a s  r e c o r d e d ,  a n d  t h e  

p r e s e n c e  of t h e  c y c l i c  t a u t o m e r i c  f o r m  c a n n o t  t h e r e f o r e  b e  e v a l u a t e d .  

1019 



TABLE 3. P a r a m e t e r s  of the PMR Spectra  of Ic-Vc,  IId-IVd, and 
Ie -IIIe 

Comp, 

Ic 
Ile* 

life 

IVe 
Ve 

IIM 
IVd 

lle 

llle 

Form of comp. anc~ . 8, ppm 
Solvent ratios of he forms! 

I I 2-H" I 2-H" 3-CH~ 

/ , H z  

] , H z  

C3DTNO 
C2DsSO 

C 3 D 7 N O  

C2D6SO 
C~D~SO 
C3DTNO 
C~DTNO 
CaDTNO 

CsDsN 
CsDsN 

CsD~N 

A 

;}41 
A 
A 
A 
A 
A 

A 

B;}3:2:1 

B;}5:3:2 

4,08(2H) 
4,23(2H) 
3,78 3,92 
4,44(2H) 
4,00 4,16 
4,54 (2H) 
4,19(2H) 
5,15(2H) 
5,20(2H) 
5,27(2H) 

~2 -- H ~2-- C H 3 

4,46 1,57 
4,26 2,09 
4,46 1,31 
4,76 2,31 
4,41 2,07 
4,66 1,75 
4,88 2,44 

2,29 
2,30 
1,84 
2,40 
2,06 
2,37 
2,29 

6 3 - C H  3 

2,43 
1,18 
1,07 
1,13 
1.62 
1,50 
1,62 

12,5 

12,5 

7,5 
7,5 
7,5 
7,5 
7,5 
7,5 
7,5 

* The chemical  shifts of compounds substituted with CH 3 groups in 
the 6 and 7 positions are  presented,  

for open form A are  observed along with the absorption bands of the OH group of cyclic form B in the IR 
spec t ra  of Ib and IIb in CHC13 (Table 2). 

Turning to Ic-Vc,  it may  be noted that IIc and IIIc in solution in C3DTNO or in C2D6SO exist as a mix-  
ture  of fo rms  A and B. A quartet  of an AB sys tem,  which cor responds  to the two nonequivalent 2-H' and 
2-H" protons of cyclic form B, and a singlet,  which cor responds  to the CH 2 group of open form A, are 
s imultaneously present  in their  PMR spec t ra .  Signals of the CH 3 groups of both forms are  also observed 
in the spectra ,  and 6CH 3 (A) < 6CH 3 03). The equilibrium between forms A and B in IIc and IIIc is shifted to 
favor  the open form.  Under s imi la r  conditions, Ic, IVc, and Vc, as well as compounds in which the sub- 
stituent attached to the carbonyl  group is C6H 5 (IId-IVd), display only signals of the open form - singlets of 
the CH 2 and CH 3 groups - in the spec t ra  (Table 3). 

An examination of the PMR spect ra  of Ie- i IIe  (Table 3) demonst ra tes  that these substances exist as a 
mixture  of three forms in CsDsN solution - t r ans -cyc l i c  030,* c i s -cyc l i c  032), and open (A). The PMR 
spect rum of IIIe is presented in Fig.  1. The three quartets observed in the weak-field portion of the spec-  
t rum cor respond  to the 2-H proton of each of the three indicated fo rms .  On the basis of a compar ison of 
the chemical  shifts of the protons of the CH 2 groups in the open (A) and cyclic 03) forms (Table 3), the 
weakest-f ie ld  signal at 4.88 ppm was assigned to the 2-H proton of the open fo rm.  The two remaining 
quartets are affiliated with the cyclic fo rms :  the quartet  centered at 4.66 ppm is ascr ibed to the 2-H p ro -  
ton of the cis cycl ic  i somer  030, and the quartet  centered at 4.41 ppm is due to the 2-H proton of the t rans  
cyclic i somer  032). The singlets at 1.75, 2.07, and 2.44 ppm were assigned to the CH 3 group in the 3 posi -  
tion, respect ively ,  of the cis  cyclic 031), t rans cycl ic  032), and open (A) fo rms .  Signals of the protons of 
the CH 3 group in the 2 position of the molecule are found in the strong-field region of the spect rum.  

Compound Ie in C5DsN solution exists only in the open form.  

Absorption bands of both the open form (v C - O  and VNH) and the cycl ic  form (v OH) are s imul taneous-  
ly observed in the IR spectra  (CHC13) of Ic-IVc, IId-IVd, VId, and Ie-IIIe, which contain CH 3 orC6H 5 groups in the 

*In analogy with the compounds considered above {Ic-Vc), the i somer  in which the 2-H proton is in the cis 
position relat ive to the OH group and the t rans  position relat ive to the CH 3 group is considered to be t h e  
t rans  i somer  in this case .  
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3-cH 3 (A,B~.B~ 

2-cH3~(A,B2,B1) 

2"H (A'B2'B1) _ _ j i i  

~ ~ ~ ~, ppm 

Fig.  1. PlVLR s p e c t r u m  of IIIe in p e r d e u t e r o -  
pyr id ine .  

3 or  2 and 3 posi t ions  of the thiazoline r ing.  The p e r -  
centages  of these  f o r m s  were  qual i ta t ively e s t ima ted  
f r o m  the in tensi t ies  of the CO, NH, and OH groups ,  and 
these  r e su l t s  a re  p resen ted  in Table  2. 

Thus,  an examinat ion of the PMR and IR sp ec t r a  of 
S -acy la lky l - subs t i tu t ed  imidazoles ,  benz imidazo les ,  
naphth imidazoles ,  pur ines ,  and xanthines d e m o n s t r a t e s  
that  the abil i ty of  these  compounds to ex is t  in the h e t e r y l -  
mercap toa ldehyde  ~etone) fo rm or in the f o r m  of 3-  
hydroxy de r iva t ives  of the imidazo- th iazol ine  s y s t e m s  
depends on the following fac to rs :  the s t ruc tu re  of the 
ca rbonyl  port ion of the molecule ,  the c h a r a c t e r  of the 
a roma t i c  and h e t e r o a r o m a t i c  r ings  condensed with the 
imidazole  ring, the aggrega te  s ta te ,  and the solvent  used.  

In both the solid s ta te  and in solution, all  of the heteryl th ioaldehydes  (Ia-Va, Ib-II Ib ,  Vb) ex is t  as 
t au tomer i c  cycl ic  f o r m s  (13). The p r e s e n c e  in CHC13 of a sma l l  amount of the open aldehyde f o r m  (Table 2) 
could be detected only in the case  of 11o and IIb by means  of the IR spec t r a .  

H e t e r y l m e r c a p t o  ketones  of the al iphat ic  s e r i e s  that  contain benzimidazole  or  naphthimidazole  r ings  
(IIC and IIIc,  Table  3) exis t  as a mix tu re  of cyc l ic  and open fo rms  with predominance  of the la t t e r ,  while 
the cor responding  4 ,5-diphenyl imidazole ,  purine,  and xanthine de r iva t ives ,  as well  as all of the h e t e r y l -  
m e r c a p t o  ketones of the a roma t i c  s e r i e s ,  a re  found only in the open fo rm.  

The effect  of subst i tuents  in the ca rbonyl  port ion of the molecule  is p robably  p r i m a r i l y  assoc ia ted  
with s t e r i c  f ac to r s ,  which lower  the s tabi l i ty  of the cycl ic  s t r u c t u r e s  as bulky subst i tuents  accumula te  in 
the molecule  and d e c r e a s e  the probabi l i ty  of c losing of the thiazol ine r ing.  The effect  of the phenyl group 
m a y  also be due to the energe t i c  advantageousness  of the conjugated benzoyl  s y s t e m  (C6H5-CO-) , which 
p romotes  the s tab i l i ty  of the open f o r m .  

A c o m p a r i s o n  of the data obtained on the effect  of the aggregate  s ta te  and c h a r a c t e r  of the solvent  on 
the posit ion of the t au tomer i c  equi l ibr ium shows that  the c rys ta l l ine  s ta te  shifts  the equi l ibr ium to favor  
the cycl ic  f o rm ,  while,  at the s a m e  t ime,  hydroxyl-conta in ing solvents  i nc rea se  the pe rcen tage  of the open 
f o r m .  

EXPERIMENTAL 

The PIVIR spectra were recorded with a JNM-4H-100 spectrometer. The chemical shifts were 
measured on the 6 scale with Si(CH3) 4 as the internal standard. 

The IR spectra of mineral oil pastes of the crystals or of solutions (CHCI 3 and, in a number of cases, 
pyridine) were recorded with UR-10 and Perkin Elmer 457 spectrophotometers. 
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