
2-~x~-8-methy~thi~-6-pheny~-~,2-dihydr~thiam~[3,4-a]thiaz~[5,4-e]pyrimidinium Ben- 
zenesulfonate and Perchlorate (IIIa,b, Table i). A mixture of 0.76 g (2 mmole) of benzene- 
sulfonate I, 0.32 g (2 mmole) of aldehyde II, and 2 ml of acetic acid was heated at 100~C for 
1 h, after which the precipitated benzenesulfonate (IIIa) was removed by filtration and crys- 
tallized from DMF to give 0.5 g of product. The perchlorate (IIIb) was obtained by adding 
0.5 ml of 72% perchloric acid to the reaction mixture prior to cooling. It was crystallized 
from alcohol--DMF (i:i). 

6-Pheny•-8-[(3-ethy•-2-benz•thiaz•liny•idene)methy•]thiaz•••[3,4-a]thiaz•••[5,4-e]pyrim- 
idinium 2-Oxide (IV). A mixture of 0.43 g (i mmole) of salt IiIa and 0.35 g (i mmole) of 
2-methyl-3-ethylbenzothiazolium toluenesulfonate in 5 ml of absolute alcohol and 3 ml of DMF 
was heated to the boiling point, and 0.2 g (2 mmole) of triethylamine was added. Dye IV was 
removed by filtration and crystallized from alcohol--D}fF (i:i). The yield was 0.3 g. 

6-Pheny•-8-[(•-ethy•-•,4-dihydr•quin••in-4-y•idene)methy•]thiaz•••[3,4-a]thiaz•••[5,4-e]- 
pyrimidinium 2-Oxide (V). A mixture of 0.43 g (! mmole) of salt IIIa and 0.27 g (i mmole) of 
4-methyl-l-ethylquinolinium perchlorate was dissolved by heating in 5 ml of absolute alcohol 
and 2 ml of DMF, after which 0.2 g (2 mmole) of triethylamine was added. Dye V was removed 
by filtration and crystallized from alcohol--DMF (i:i). The yield was 0.25 g. 

2-~x~-6-pheny~-8-[(3-ethy~-2-benz~thiaz~iny~idene)methy~]~,2-dihydr~thiaz~[3,4-a]thi- 
azolo[5,4-e]pyrimidinium Perchlorate (IV)? This compound was obtained by adding excess 72% 
perchloric acid to a solution of dye IV in alcohol--DMF (l:l). 

i. 
2. 

3. 

4. 

5. 
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SYNTHESIS AND PHYSICOCHEMICAL PROPERTIES OF THIAZOLINO[3,2-a]BENZ- 

IMIDAZOLES 

A. N. Krasovskii, N. A. Klyuev, 
A. B. Roman, P. M. Kochergin, and 
E. Kh. Dank 

UDC 547.785.5'789.07:543.422.51 

The reaction of l-B-hydroxyalkyl(aralkyl)-2-chlorobenzimidazoles with thiourea or 
the reduction of l-acylmethylbenzimidazoline-2-thiones with sodium borohydride gave 
l-B-hydroxyalkyl(aralkyl, hetaryl)benzimidazoline-2-thiones, which were converted to 
2-alkyl(aryl, hetaryl)-substituted thiazolino[3,2-a]benzimidazoles by the action of 

POCI3. 

The antispasmodic activity of 2,3-dihydrothiazolo[3,2-a]benzimidazole derivatives is 
known [i, 2]. In a continuation of our search for preparations of this series of compounds 
with the indicated activity [3, 4] we isolated l-B-hydroxyalkyl(aralkyl)benzimidazoline-2- 
thiones (IIIa,c,d,f, Table 3), which were obtained by the reaction of the corresponding I-B- 
hydroxyalkyl(aralkyl)-2-chlorobenzimidazoles (la,c,d,f) [5] with thiourea in methanol (eth- 
anol). Substances IIIb,e,g were synthesized by the reduction of l-acylmethylbenzimidazoline- 
2-thiones (IIb,e,g) [6] with sodium borohydride in an aqueous alcohol medium. 2-Alkyl(aryl, 

Zaporozhe Medical Institute, Zaporozhe 330074. Translated from Khimiya Geterotsikliches- 
kikh Soedinenii, No. 7, pp. 942-947, July, 1983. Original article submitted April 26, 1982; 
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TABLE i. PMR Spectra of IIIa,b,g 

C h e m i c a l  shi f ts ,  p p m  SSCC (Hz)  

= So lven t  :~ E: 

t 

I l i a  _ I 4 ,23•  3 ,96•  2 16 
4- 0,02m -; O,02q 

l l l b  

III, g 

d6-DMSO 

C~D8 

CD3CD2OD 

9,37s 

9,24 ,, 

7 15 7 5 7 m  1 
(wi th  a max .  
at 7.26-7.46) 

6,50--7,02 m 
(wi th  a m a x . a t  
6,98) 

6.94--7,42 m 
(wla max. at 
7.29 and 7.09) 

4 , 1 1 4 -  13,584- 
• •  02 q 

iw/a'max 
3,63 and 
3,53) 

4,58-- + 5,66• 
• m • q 

1,50 I l,OOd 

2,28d 3,94+ 

- -  15,94-- 
7,42 m 

15 

14 

hetaryl)-thiazolino[3,2-a]benzimidazoles (IVa-g, Table 3) were obtained in good yields by 
treatment of thiones IIIa-g with phosphorus oxychloride [without isolation of the interme- 
diate l-$-chloroalkyl(aralkyl, hetaryl)benzimidazoline-2-thiones]. 

The IR spectroscopic data do not make it possible to speak with confidence regarding 
the existence of thione--thiol tautomerism in IIla-g. In the IR spectra we did not observe 
vSH absorption bands at ~2500 cm -~ and it was too difficult to make accurate assignments in 
the "fingerprint" region (~C=S = 1300-1400 cm -~ and ~SH = 920-1100 cm -~) because of pronounced 
overlapping of the absorption bands. The rather broad absorption band at 3200-3400 cm, ~ can 
be assigned to vibrations of the NH and/or OH groups tied up in a hydrogen bond. 

I 

R -~N--c.2 

OH 
I a, c, d, f 

-'- N-- ~ H2 

0 
II b, e~ g 

1 
 .2m,,cs R ' 

H OH 
g a ~  f z  . i  a-g 

- -"+ J-" "  I 1 POCI3 

R I N R 

IV a-g 
i 

a R=CH3~RI=H; bIR:C(CH3) 3 ,RI=H ;C R=C6Hs~R=H 
I 

d R=4-O2NC6Ht, ~ ;  IR=H ~c R=41-CH3OC6H4~R=H ~f R=4-O2NC6H4* 
R=CH 3 ~ g R=~-C4H3S ~ R:H 

The PMR spectra of IIIa-g are rather complex because of the presence of an asymmetric 
center (an AA'X system). An analysis of them (Table i) provides evidence in favor of struc- 
ture A, although the signal of the proton of the NH group is not always recorded in the spec- 
tra even in d6-DMSO. 

R' N ~ .  __CH2 , R I ~ N _ _ C H 2 _ _ ? H ( O H )  

R' S (~H(OH)R R' ~ N / ~ S H  R 
H 

A B 

The methylene protons are recorded in the form of a multiplet complicated by vicinal 
and geminal splitting. The signal of the methylidyne group is usually a poorly resolved 
quartet (for IIIb,g) or a multiplet. In the case of IIIb a broad doublet of a hydroxy group 
centered at 2.28 ppm is recorded in the spectrum. The ratios of the areas of the signals 
are as follows: Harom:CH2:CH:OH:CH 3 = 4:2:1:1:3 (Ilia); NH:Harom:CH2:CH:OH:C(CH3) 3 = 1:4: 
2:1:1:9 (IIIb); NH:Harom:CH2:CH = 1:7:2:1 (IIIg). 

In a previous study [7] of the fragmentation of 1-B-hydroxyalkyl(aralkyl)-2-chlorobenz- 
imidazoles under the influence of electron impact (structural analogs+ of the compounds under 
consideration) it was shown that ~ cleavage of the C~C bond relative to the hydroxy group is 
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TABLE 2. Principal lon Peaks in the Mass Spectra of III and 
IV (in percent of the maximum peak in the mass spectra) 

Ions, 
m/z 

M+ 
'193 
'175 
164 
163 
151 
150 
131 
129 
119 
118 
104 

+ 
R C H = O H  

RCO+ 
+ 

R C H ( O H ) = C H  

Compound 

III.a I II lb  

.~6,0 t9,4 
5,0 , .~1,2 

�9 1,0 [ 8,8 
6,4 J 18,2 
5,4 .>1,2 
)0,0 1 )0,0 
~0,6 I )1,7 
7,2 J 21,2 
3,3 I 6,8 
8,8 ~4,1 
i2,0 , 16,5 
8,4 ' 7,4 

5;3 I 7,4 
7,7 

6,0 ' 3,1 

IIIg  

26,5 
3,0 

17,6 
18,2 

100,0 
88,2 
11,2 
5,5 

20,6 
9,4 
7,8 

7,8 
7,8 

17,8 

IOn$~ 
m/z  

/~+ 
[M-H]+ 
[ M -  IK1 + 

[M-SHy 
161 
.150 " 
129 
118 
117 
103 
102 

RCH2 + 
RI-t* 
R+ 

IVa 

00,0 
14,4 
36,0 
14,0 
20,0 
11,4 
6,8 
8,8 

11,6 
20,0 
10,0 
10,3 
18,2 
15,3 

Compound 

IVb 

93,3 
1,4 

100,0 
3,4 
8,5 

33,1 
9,3 

22,0 
24,6 

7,3 
8,5 
4,6 
5,3 
4,5 

IVg 

80,0 
8,3 

17,0 
12,0 
3,5 

100,0 
11,0 
ll,O 
6,5 

11,2 
10,2 
23,8 

6,3 
2,5 

realized in such systems (it was assumed that the charge in the M§ molecular ion is concentrat- 
ed on the oxygen atom). These processes are accompanied by migration of a hydrogen atom 
from the hydroxy group (proved by means of deuterium labeling) to the site of cleavage. ~n 
our case a similar process also takes place (ion peaks with m/z* 163, 164, and 193, RCH=OH 
and R+), which confirms the presence of a substituent in the i position of the benzimidazol- 
ine-2-thione molecule (Scheme i). 

Scheme i 

S "~'SH Jr, 
H H 

150 151 CH2--CHRI.. 
" ~ 2 H 3  OR / ""~- 0 / 

"'. ~ y - -  C2 H20~FC7 H6N2S 
~ -  / -~+. ]+ "  

.__~-H2 . ^,, + 7CBH?N2 S (/~'~F----N--CH2---CH--RI r~"'TT--N--CH.--CH--R 
~--~.__-- u-i---- if-- ~. n =u rl ~ I II I I II 1 " t ~ x A.. OH' ~..~ ~x...,//~. OH - "~-/ ~ N ~ S  ~ \N"  SH 

A H / 
7_all(OH) R, ~ n ,  ~'/--CH(OH)R" ~ ,  

-r . . - .~  + ~ -i+'--:--" + i>- ~" 7 +" N--CH2--CH=OH N=CH 2 N--CH 3 N=CH 2 N--CH 3 

[ ~ f N  ~ S  ~ ~ - ~ N ' ~ ' S  ~ I ~ N i S  ~ ' / ' / ~  ~ SH ~ /~" SH 
. H 14 

193 163 164 163 164 

I cs h �9 

"E r~--"':~-- N | (~":Y-- N-- CH L ~ ' ~  -~-3 
l . u  E L..L,.> / "~./~ -'<NH ~ ~N ~ ~S---CH 3 ~ ~'N ~ 

119 / 164 129 131 

H H 
175 119 118 

Another pathway of the fragmentation of M + involves cleavage of the C--N bond and is also 
accompanied by migration of hydrogen atoms (ion peaks at 150 and 151). The peaks of ions 
with masses of 150 and 151, which are formed as a result of the usual ~ cleavage relative to 
the aromatic ring, are the most intense peaks in the spectra of llla,b,g and constitute evi- 

*Here and subsequently in the text and in the schemes, tlle numbers that characterize the 

ions are the mass-to-charge ratios (m/z). 
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dence that in this case the charge in M + is primarily localized in the phenylene part of the 

molecule; the formation of the ion with m/z 151 may be due to only the thiol form of M + (this 
constitutes an indirect indication of the existence of a hydrogen bond within the molecule 
[8, 9]). 

The subsequent fragmentation of the ion with m/z 164 suggests the possibility of the ex- 
istence of two tautomers [i0]. The formation of an ion with m/z 129 is also due to the thiol 
form and the manifestation of an "ortho effect" [9, ii]. 

Scheme 1 illustrates the overall pattern of the fragmentation of the M + ions of IIIa,b,g. 
The intensities of the principal characteristic ~on peaks in their mass spectra are presented 
in Table 2. 

The cyclization of l-~-hydroxyalkyl(aralkyl, hetaryl)-substituted benzimidazoline-2- 
thiones (IIIa-g) may proceed with tautomeric transformations of the following form (C ~ D 
E, IVa-g): 

RI ~d~"-~ N ____i H I R ' " , ~  N--CH = C  HR .__. R ' ' ~ N . - - C H  = C H R 

H 
C D E 

In order to determine the predominant form of the tautomer we used the methods of physi- 
cochemical analysis indicated above~ 

The IR spectra of IVa-g do not contain the absorption bands of SH, NH, and C=S groupings. 
These data make it possible to draw a preliminary conclusion that the D and E tautomeric 
forms are not realized. More rigorous proof for this assumption can be obtained on the basis 
of a study of the P~:~ spectra. 

Thus for IVa the distribution of the integral intensities of the signals of the protons 
corresponds to 4:2:1:3, which corresponds to the C form (Harom:CH2:CHR:CH3). In addition, 
signals of protons of the NH group were not observed in the weak-field part of the spectrum. 
The aromatic protons of the benzimidazole part of the molecule show up in the form of a com- 
plex multiplet at 6.98-7.85 ppm. The methylene grouping, which consists of nonequivalent 
protons (an ABX system), forms a multiplet at 4.15-4.65 ppm. The proton of the methylidyne 
group gives a signa I in the form of a quartet with a maximum at @ 3.72 and 3.77 ppm (JH~,R = 
7.0 Hz). The methyl group appears as a doublet centered at 1.63 ppm with JR,H ~ = 7.0 Hz. 

The PMR spectrum of IVb is a complex pattern in connection with superimposition of the 
I-H signal (a triplet) on the signals of the protons of the methylene group (an AA'X system), 
which is recorded in the form of a multiplet, the components of which are complicated by gem- 
inal and vicinal splitting. This set of signals is found at 3.78-4.35 ppm and is centered 
at 4.06 ppm. The signals of the aromatic protons of the benzimidazole part of the molecule 
lie at 6.95-7.58 ppm. The distribution of the integral intensities corresponds to the ratio 
4:3:9. Thus IVb has structure C in this case also. 

Signals of the following ~rotons are observed in the PMR spectrum of a sample of IVg: 
i) I-H in the form of a triplet with 6 5.67, 5.75, and 5.83 ppm; 2) the methylene group is 
recorded in the form of a complex multiplet at 4.02-4.64 ppm, just as in the preceding cases; 
3) the aromatic protons of the benzimidazole part and substituent R appear as a multiplet at 
6.82-7.64 ppm (the protons in the 8 position of thiophene show up at 6 7.18-7.24 ppm; the 
proton gives a signal with ~ 6.82-6.95 ppm). The ratio of the integral intensities in this 
case is 7:1:2. Signals of protons of the NH group were not observed in the weak-field part 
of the spectrum. 

Thus an analysis of the PMR spectra of IV indicates realization of the C structure. 

The molecular ions in the mass spectra of IVa,b,g are more stable (by a factor of ap- 
proximately two to four) than the corresponding III, which also confirms a stable cyclic form 
of the molecule. The fragmentation of M + is realized via pathways that are common to samples 
of IVa,b,g and constitutes evidence that they belong to a common structural type, excluding 
the phenomenon of tautomerism. 

759 



0 

o 

o 

,m 

0 

cy 
-;-I 

c..9 

Z ~ Z Z ~ Z Z Z Z Z ~ Z Z Z .  

~ d ~ d d d ~ d ~ 2 d g d d  

I~ Im--ml  

N ~ N 

l l l l I l l l l l l ] l l  

�9 ~ ~ ~. ~ 
~ ~ Z ~ Z ~  ~ ~ Z ~ Z ~  

760 



Scheme 2 

RCH + 

L-~ II.~..N/~..s/CH2R - L..~N//L.,.s.~H ~ ~L.~N/~L,~ SH 

117 118 12g 

The fragmentation of M § is realized via several characteristic pathways that are specif- 
ic for cyclic amines [12-14] and thiophene [15]. The primary pathway is splitting out of 
the I-H atom and/or the R substituent (B cleavage relative to the sulfur atom) and ejection 
of an HS" particle [ii]. Ogura and co-workers [ii] were unable to explain this+phenomenon, 
although, in our opinion, this is the result of skeletal rearrangement of the M ions (the 
F form), which they also assumed. This is followed by ring opening at the C(2)--C(3~ bond~ 
In general form the fragmentation of the M + ~ons of IVa,b.g can be describedby Sdh&me 2. 

The subsequent course of the fragmentation of this ion provides evidence for the forma- 
tion of F~ ions with a 2-mercaptobenzimidazole structure [16, 17~. The formation of the ions 
with m/2 102 and 103 is due to the ion with m/z 129, which has the structure of a pseudomo- 
lecular quinolineion [ii]. The intensities of the principal characteristic ion peaks in the 
mass spectra of IVa,b,g are presented in Table 2. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-10 spectrometer. 
The PMR spectra of solutions in d6-DMSO were obtained at 25~ with an HA-100D spectrometer 
with hexamethyldisiloxane as the internal standard. The mass spectra were recorded with an 
MAT-311 spectrometer under standard conditions: The ionizing voltage was 70 eV, the cathode 
emission current was 300 ~A, the accelerating voltage was 3 kV, and the temperature of the 
source was 150~ 

The l-B-hydroxyalkyl(aralkyl)-2-chlorobenzimidazoles (Ia,c,d,f) were obtained by the 
method in [5]; their constants were in agreement with the literature data. The l-acylmethyl- 
benzimidazoline-2-thiones (IIb,e,g) were obtained by the method in [6]. 

l-$-Hydroxyalkyl(aralkyl, hetaryl)benzimidazoline-2-thiones (IIIa-g). A) A 1.52-g (0.02 
mole) sample of thiourea and one to two drops of 48% HBr were added to a solution of 0.01 
mole of l-B-hydroxyalkyl(aralkyl)-2-chlorobenzimidazole (Ia,c,d,f) in 30-60 ml of methanol 
(ethanol), and the reaction mixture was refluxed for 2-3 h. The solvent was removed by dis- 
tillation ~n vacu@, and the residue was dissolved in 50-60 ml of 10% KOH solution. The solu- 
tion was filtered, the filtrate was neutralized with CH3COOH solution, and the precipitate 
(IIIa) was removed by filtration. In the preparation of IIIc,d,f the reaction mixture was 
cooled and poured into water, the aqueous mixture was neutralized with NaHCOs, and the pye~ 

cipitate was removed by filtration. 

B) A 0.2-g sample of KOH was dissolved in 20-30 ml of ethanol, 0.01 mole of l-acyl- 
methylbenzimidazoline-2-thione (IIb,e,g) and 0.4 g of NaBH4 were added, and the mixture was 
maintained at 18-20~ for 22-24 h. It was then poured into water, the aqueous mixture was 
neutralized to pH 6 with CH~COOH solution, and the precipitate (IIIb,e,g) was removed by fil- 
tration. 

2-Alkyl(aryl, hetaryl)thiazolino[3,2-a]benzimidazoles (IVa-g). A 15-20-mi sample of 
freshly distilled POCI~ was added to 0.01 mole of l-B-hydroxyalkyl(aralkyl, hetary!)benz- 
imidazoline-2-thiones (Ilia-g), and the mixture was heated in a stainless steel autoclave at 
150-155~ for 3 h. It was then cooled, the POCIs was removed by vacuum distillation, and 
the residue was decomposed with ice water and hydrolyzed with ammonium hydroxide, and the 

precipitate was removed by filtration. 
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Compounds llla-g and IVa-g were colorless, yellow (llld,f and IVd,f), or light-brown 
(lllg and IVe) crystalline substances that were soluble in most organic solvents. The com- 
pounds were purified for analysis by crystallization from water (llla, IVa), ethanol (lllb,e 
and IVd,f), aqueous methanol (IVb,c), acetone (llld), aqueous acetone (IVe,g), aqueous DMF 
(lllf), or benzene (lllg). 
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